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,W LV FRPPRQ SUDFWLFH WR EXLOG 6WDWHG 3UHIHUHQFH 63 DWWULEXWHV DQG DOWHUQDWLYHV IURP
REVHUYHG5HYHDOHG3UHIHUHQFH53FKRLFHVZLWKDYLHZWRLQFUHDVLQJUHDOLVP:KLOHPDQ\
VXUYH\V SLYRW DOO DOWHUQDWLYHV DURXQG DQ REVHUYHG FKRLFH RWKHUV XVH PRUH DGDSWLYH
DSSURDFKHVLQZKLFKFKDQJHVDUHPDGHGHSHQGLQJRQZKDWDOWHUQDWLYHZDVFKRVHQLQWKH53
VHWWLQJ)RUH[DPSOHLQ63RII53GDWDWKHDOWHUQDWLYHFKRVHQLQWKH53VHWWLQJLVZRUVHQHG
LQWKH63VHWWLQJDQGRWKHUDOWHUQDWLYHVDUHLPSURYHGWRLQGXFHDFKDQJHLQEHKDYLRXU7KLV
IDFLOLWDWHVWKHFUHDWLRQRIPHDQLQJIXOWUDGHRIIVRUWLSSLQJSRLQWVEXWLQWURGXFHVHQGRJHQHLW\
7KLVVRXUFHRIHQGRJHQHLW\ZDVODUJHO\LJQRUHGXQWLO7UDLQDQG:LOVRQ7	:SURSRVHGD
IXOO LQIRUPDWLRQ PD[LPXP OLNHOLKRRG ),0/ VROXWLRQ WKDW FDQ EH LPSOHPHQWHG ZLWK
VLPXODWLRQ ,QWKLVDUWLFOHZHSURSRVHDOLPLWHG LQIRUPDWLRQPD[LPXPOLNHOLKRRG/,0/
DSSURDFKWRDGGUHVVWKH63RII53SUREOHPXVLQJDPHWKRGZKLFKGRHVQRWQHHGVLPXODWLRQ
FDQEHDSSOLHGZLWKVWDQGDUGVRIWZDUHDQGXVHVGDWDWKDWLVDOUHDG\DYDLODEOHIRUWKHVWDWHG
SUREOHP 7KH SURSRVHG PHWKRG LV DQ DSSOLFDWLRQ RI WKH FRQWUROIXQFWLRQ &) PHWKRG WR
FRUUHFW IRUHQGRJHQHLW\ LQGLVFUHWHFKRLFHPRGHOVXVLQJ WKH53DWWULEXWHVDV LQVWUXPHQWDO
YDULDEOHV:HGLVFXVVWKHWKHRUHWLFDODQGSUDFWLFDODGYDQWDJHVDQGGLVDGYDQWDJHVRIWKH&)
DQG7	:PHWKRGVDQGLOOXVWUDWHWKHPXVLQJ0RQWH&DUORDQGUHDOGDWD5HVXOWVVKRZWKDW
ZKLOH WKH7	: PHWKRGPD\EH PRUH HIILFLHQW LQ WKHRU\ LW PD\KRZHYHU IDLO WR UHWULHYH
FRQVLVWHQWHVWLPDWRUVZKHQLWGRHVQRWDFFRXQWSURSHUO\IRUWKHGDWDJHQHUDWLRQSURFHVVLI
HJDQH[RJHQRXVVRXUFHRIFRUUHODWLRQDPRQJWKH63FKRLFHWDVNVH[LVWV2QWKHRWKHUKDQG
WKH&)LVPRUHUREXVWLHOHVVVHQVLWLYHWRWKHGDWDJHQHUDWLRQSURFHVVDVVXPSWLRQVDQGLV
FRQVLGHUDEO\ HDVLHU WR DSSO\ ZLWK VWDQGDUG VRIWZDUH DQG GRHV QRW UHTXLUH VLPXODWLRQ
IDFLOLWDWLQJLWVDGRSWLRQDQGWKHPRUHH[WHQVLYHXVHRI63RII53GDWD
.H\ZRUGV6WDWHGSUHIHUHQFHUHYHDOHGSUHIHUHQFH63RII53HQGRJHQHLW\

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6WDWHG3UHIHUHQFHV63PHWKRGVDUHDQLPSRUWDQWWRROIRUSUHIHUHQFHHOLFLWDWLRQEHFDXVHWKH\
FRQWUROWKHYDULDELOLW\RIWKHGDWDDQGWKHH[SHULPHQWDOGHVLJQPD\DOORZWKHSUHVHQWDWLRQRI
QRQH[LVWLQJDOWHUQDWLYHVDQGDUHLQH[SHQVLYH7RPD[LPL]HWKHUHDOLVPDQGWKHLQIRUPDWLRQ
JDWKHUHGIURPWKHH[SHULPHQWWKHFKRLFHVHWSUHVHQWHGLVRIWHQFXVWRPL]HGIRUDUHVSRQGHQW
EDVHGRQWKHLUHDUOLHUUHYHDOHGSUHIHUHQFHV53,QDVHPLQDOSDSHU7UDLQ	:LOVRQ
VXPPDULVH WKH LVVXHVZLWK HQGRJHQHLW\ WKDWPD\DULVHZLWKGLIIHUHQW W\SHVRI FXVWRPLVHG
GHVLJQV
$YHU\SRSXODUDSSURDFKFRQVLVWVRIXVLQJSLYRWLQJDURXQGDQ53FKRLFH+HQVKHU
 ZKHUH D IHZ K\SRWKHWLFDO DOWHUQDWLYHV DUH SUHVHQWHG WKDW LQYROYH LQFUHDVHV DQG
GHFUHDVHVDURXQGWKHUHDOZRUOGFKRLFHIRUDOODOWHUQDWLYHV7UDLQ	:LOVRQVKRZWKDW
SLYRWLQJFDQDYRLGWKHLQFRQVLVWHQF\FDXVHGE\HQGRJHQHLW\LIWKHPRGHOLVHVWLPDWHGZLWK
IL[HGSDUDPHWHUVWKHFKDQJHVDUHPDGHWRDOODOWHUQDWLYHVLUUHVSHFWLYHRIWKHFKRLFHREVHUYHG
LQWKH53GDWDDQGWKHUHIHUHQFHDOWHUQDWLYHLVQRWSUHVHQWHGXQFKDQJHGWRWKHUHVSRQGHQW
ODEHOOHGDV³\RXUUHFHQWFKRLFH´+RZHYHUPRVWDSSOLFDWLRQVRI WKHSLYRWLQJDSSURDFKGR
FRQVLGHUSUHVHQWLQJWKHUHFHQWFKRLFHE\LWVHOIDQGRUXVHUDQGRPFRHIILFLHQWVFDVHVLQZKLFK
DFRUUHFWLRQZRXOGEHQHHGHGWRDWWDLQFRQVLVWHQF\%HVLGHVHYHQLIWKHSLYRWLQJLVSURSHUO\
EXLOW LWGRHVQRWJXDUDQWHHWKDW WKH WUDGHRIIVDUHWDLORUHGWRFUHDWHWLSSLQJSRLQWV WKDWZLOO
DOORZDQDQDO\VWWRXQGHUVWDQGDWZKDWSRLQWWKHGHFLVLRQPDNHUZLOOPRYHDZD\IURPWKH53
FKRLFH$GGLWLRQDOO\ZKLOHWKHDSSURDFKLVVXLWDEOHIRUXQODEHOOHGFKRLFHVHWWLQJVVXFKDV
URXWH FKRLFH LW FDQQRW HDVLO\ EH XVHG IRU ODEHOOHG VHWWLQJV VXFK DV PRGH FKRLFH DV WKH
DWWULEXWHVDQGYDOXHVRIWKRVHDWWULEXWHVYDU\DFURVVWKHGLIIHUHQWDOWHUQDWLYHV
$QDOWHUQDWLYHDSSURDFKFRQVLVWVRIXVLQJDGDSWLYHGHVLJQPHWKRGVZKHUHWKHRULJLQDO
FKRLFHVHW LV UHSURGXFHG LQ WKH63VHWWLQJEXWZKHUH WKHDWWULEXWH OHYHOV DUHFKDQJHGDVD
IXQFWLRQRIWKH53FKRLFH7KHYDULDEOHVRIWKHDOWHUQDWLYHFKRVHQLQWKH53VHWWLQJDUHPDGH
³ZRUVH´ ZKLOH WKRVH RI WKH UHPDLQLQJ DOWHUQDWLYHV DUH PDGH ³EHWWHU´ ([DPSOHV RI VXFK
DSSURDFKHV LQFOXGH WKH DGDSWLYH 63 DSSURDFKHV RI 6KLQJKDO DQG )RZNHV  DQG WKH
DGDSWLYHFRQMRLQWRI$OOHQE\HWDODQGPRUHUHFHQWO\WKH63RII53DSSURDFKRI7UDLQ
DQG:LOVRQ
$GDSWLYH63DSSURDFKHVKDYHORQJEHHQNQRZQWRFUHDWHHQGRJHQHLW\LVVXHV6LQFH
WKHFKRLFHVHWSUHVHQWHGWRDQLQGLYLGXDOGHSHQGVRQKLVKHU53FKRLFHVDQGWKHUHIRUHRQWKDW
LQGLYLGXDO¶VSUHIHUHQFHVDQHVWLPDWLRQPHWKRGWKDWQHJOHFWVWKLVHQGRJHQRXVVHWWLQJZRXOG
UHVXOWLQLQFRQVLVWHQF\&RUUHFWLRQDSSURDFKHVH[LVWEXWWKH\DUHGLIILFXOWWRDSSO\7KHZRUN
RI 7UDLQ DQG :LOVRQ  KHUHDIWHU UHIHUUHG WR DV 7	: RIIHUHG D )XOO ,QIRUPDWLRQ
0D[LPXP/LNHOLKRRG),0/VROXWLRQIRUWKHVSHFLILFFDVHRI63RII53GDWDWKDWFDQEH
LPSOHPHQWHGZLWKVLPXODWLRQ7KLVVHPLQDOZRUNKDVEHHQZLGHO\FLWHGEXWUDUHO\DSSOLHG
DUJXDEO\EHFDXVHRILWVYDULRXVSUDFWLFDOGLIILFXOWLHV$VDUHVXOW63RII53VXUYH\VKDYHDOVR
IDLOHGWREHZLGHO\DSSOLHG2XUZRUNVHHNVWRUHPHG\WKLVVLWXDWLRQ
,Q WKLV DUWLFOH ZH SURSRVH D /LPLWHG ,QIRUPDWLRQ 0D[LPXP /LNHOLKRRG /,0/
DSSURDFKEDVHGRQWKH&RQWURO)XQFWLRQ&)PHWKRGWRDGGUHVVWKH63RII53SUREOHP
7KHSURSRVHG&)PHWKRGGRHVQRWQHHGVLPXODWLRQFDQEHDSSOLHGZLWKVWDQGDUGVRIWZDUH
DQGXVHVGDWDWKDWLVDOUHDG\DYDLODEOHIRUWKHVWDWHGSUREOHP:HGLVFXVVWKHWKHRUHWLFDODQG
SUDFWLFDO DGYDQWDJHV DQG GLVDGYDQWDJHV RI WKH &) DQG 7	: PHWKRGV DQG LOOXVWUDWH WKHP
XVLQJ0RQWH&DUORDQGUHDOGDWD5HVXOWVVKRZWKDWZKLOHWKH7	:PHWKRGPD\EHPRUH
HIILFLHQW LQ WKHRU\ LWPD\KRZHYHU IDLO WR UHWULHYHFRQVLVWHQWHVWLPDWRUV ZKHQ LWGRHVQRW
DFFRXQWSURSHUO\IRUWKHGDWDJHQHUDWLRQSURFHVVLIHJDQH[RJHQRXVVRXUFHRIFRUUHODWLRQ
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DPRQJWKH63FKRLFHWDVNVH[LVWV2QWKHRWKHUKDQGWKH&)LVPRUHUREXVWLHOHVVVHQVLWLYH
WRWKHGDWDJHQHUDWLRQSURFHVVDVVXPSWLRQVDQGLVFRQVLGHUDEO\HDVLHUWRDSSO\ZLWKVWDQGDUG
VRIWZDUHIDFLOLWDWLQJLWVDGRSWLRQDQGWKHPRUHH[WHQVLYHXVHRI63RII53GDWD
7KHUHPDLQGHURIWKLVSDSHULVRUJDQL]HGDVIROORZV7KHQH[WVHFWLRQSUHVHQWVWKH63
RII53GHVLJQDSSURDFKDQGWKH7	:FRUUHFWLRQIRUHQGRJHQHLW\:HIROORZWKLVLQ6HFWLRQ
E\RXUSURSRVHG&)PHWKRG(PSLULFDOLOOXVWUDWLRQVIROORZLQ6HFWLRQXVLQJVLPXODWHG
GDWDDQG6HFWLRQXVLQJUHDOGDWD)LQDOO\ZHSUHVHQWVRPHFRQFOXVLRQVDQGGLUHFWLRQVIRU
IXWXUHZRUN

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7KH63RII53SUREOHPLVDWZRVWDJHSURFHVV7KHILUVWVWDJHFRUUHVSRQGVWRDQ53FKRLFH
WKDWRFFXUVLQWKHUHDOHQYLURQPHQWLQZKLFKLQGLYLGXDOQFKRRVHVWKDWDOWHUQDWLYH 53QL DPRQJ
WKHFKRLFHVHW 53Q& ZKLFKKDVWKHPD[LPXPXWLOLW\ 53LQ
N
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7KLVXWLOLW\GHSHQGVRQDV\VWHPDWLFSDUW 53LQ9 DQGUDQGRPSDUW 53LQH 7KHV\VWHPDWLF
SDUW LVIRUPHGDVD W\SLFDOO\OLQHDU IXQFWLRQRIDWWULEXWHV 53LQN[ ZLWKFRHIILFLHQWV NE 7KH
UDQGRPSDUWLVDVVXPHGWREHLQGHSHQGHQWO\DQGLGHQWLFDOO\GLVWULEXWHG([WUHPH9DOXH,ZLWK
ORFDWLRQ ]HUR DQG VFDOH 53P  8QGHU WKHVH DVVXPSWLRQV WKH SUREDELOLW\ WKDW LQGLYLGXDO Q
ZRXOGFKRRVHDOWHUQDWLYHLLQWKH53H[SHULPHQWZLOOEH  L353Q DVVKRZQLQ(T
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ZKHUH 53LQ\ WDNHVYDOXHLILQGLYLGXDOQFKRRVHVDOWHUQDWLYHLLQWKH53H[SHULPHQW
,Q WKH VHFRQG VWDJH RI WKH 63RII53 FKRLFH SURFHVV WKH UHVHDUFKHU EXLOGV DQ 63
H[SHULPHQWZKLFKFRQVLGHUVDFKRLFHVHW 63Q& WKDWLQFOXGHV 53QL WKHDOWHUQDWLYHFKRVHQLQWKH
53H[SHULPHQWDQGDVHWSRVVLEO\DVXEVHWRIRWKHUDOWHUQDWLYHVIURP 53Q& 
7KHGHILQLWLRQRIWKH63FKRLFHVHW 63Q& KDVYDULHGDPRQJWKH63RII53DSSOLFDWLRQV
:KLOH7UDLQ	:LOVRQDVVXPHGWKDW 63 53Q Q Q& & &  YDQ&UDQHQEXUJKHWDO
EXLOWWKH63FKRLFHVHWDVWKHPL[RIRQHRUWZRYDULDWLRQVRIWKHDOWHUQDWLYHFKRVHQLQWKH
53VWDJHWZRDOWHUQDWLYHVUDQGRPO\GUDZQIURPWKHQRQFKRVHQ53DOWHUQDWLYHVDQGDQRSW
RXW RSWLRQ :H ZLOO IROORZ WKH DSSURDFK XVHG E\ 7UDLQ 	 :LOVRQ  WR DYRLG RWKHU
SRWHQWLDOVRXUFHVRIHQGRJHQHLW\UHVXOWLQJIURPRFFDVLRQDOO\SUHVHQWLQJWZLFHWKH53FKRVHQ
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DOWHUQDWLYHDQGWRDYRLGSRWHQWLDOVRXUFHVRIK\SRWKHWLFDOELDVUHVXOWLQJIURPXVLQJDFKRLFH
VHWWKDWLVGLIIHUHQWIURPWKDWRIWKH53VWDJH
7KHDWWULEXWHVRIWKHUHVXOWLQJVHWRI63DOWHUQDWLYHVIRUHDFKFKRLFHWDVNWDUHEXLOWDV
YDULDWLRQVRIWKHLUYDOXHVLQWKH53H[SHULPHQWLQDZD\WKDWWULHVWRLQGXFHDFKRLFHFKDQJH
)RUH[DPSOHWKHDWWULEXWH 63MQNW[ RIDOWHUQDWLYHMDQGLQGLYLGXDOQLQWKH63FKRLFHWDVNWFRXOG
EHFDOFXODWHGDVIROORZV

63 53
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IRUJLYHQQDQGW7KLVLPSOLHVWKDWIRUXQGHVLUDEOHDWWULEXWHVLH NE  WKHOHYHORIWKH
DWWULEXWH LV LQFUHDVHG IRU WKDW DOWHUQDWLYH ZKLFK ZDV FKRVHQ LQ WKH 53 FKRLFH ZKLOH LW LV
GHFUHDVHG IRUDOORWKHUDOWHUQDWLYHV)RUGHVLUDEOHDWWULEXWHV WKHRSSRVLWH DSSOLHV7KHQHW
RXWFRPHRIWKLVLVWKDWWKHDOWHUQDWLYHFKRVHQLQWKH53VHWWLQJEHFRPHVOHVVDWWUDFWLYHZKLOH
WKRVHWKDWZHUHQRWFKRVHQEHFRPHPRUHDWWUDFWLYH
 7KH63RII53PHWKRGGHVFULEHGLQ(TVDQGKDVWZRPDLQJRDOV7KHILUVW
LVWRUHGXFHWKHVRXUFHVIRUK\SRWKHWLFDOELDVE\SUHVHQWLQJDOWHUQDWLYHVWKDWDUHWDLORUHGWR
HDFKUHVSRQGHQW¶VUHDOLW\ERWKLQWHUPVRI WKHFKRLFHVHWDQGWKHDWWULEXWHVSUHVHQWHG7KH
VHFRQGJRDOLVWRPD[LPL]HWKHLQIRUPDWLRQJDWKHUHGDERXWWKHSUHIHUHQFHVIURPHDFKDQVZHU
E\SUHVHQWLQJDOWHUQDWLYHVWKDWKDYHDWWULEXWHVWKDWYDU\LQWKHGLUHFWLRQLQZKLFKWKH\LQGXFH
DFKDQJHLQWKHUHVSRQGHQW¶V53FKRLFH
$VVKRZQE\(TIRUDFKLHYLQJWKHVHFRQGJRDO63RII53UHTXLUHVNQRZOHGJH
RIWKHVLJQRIHDFKFRHIILFLHQWZKLFKPD\EHVHHQDVDOLPLWDWLRQRIWKHPHWKRG+RZHYHULI
WKHUHVHDUFKHUGRHVQRWNQRZRUJXHVVHVHUURQHRXVO\WKHVLJQRIWKHFRHIILFLHQWLWZRXOGRQO\
KDSSHQ WKDW WKLV DGYDQWDJH RI WKH 63RII53 PHWKRG ZRXOG EH ORVW OHDGLQJ WR D ORVV RI
HIILFLHQF\)XUWKHUPRUHZHWKLQNLWLVVDIHWRVD\WKDWIRUDODUJHPDMRULW\RIWKHSUDFWLFDO
H[DPSOHV LQ WUDQVSRUWDWLRQ DQG RWKHU ILHOGV WKH VLJQ RI WKH FRHIILFLHQW FDQ EH FRUUHFWO\
JXHVVHG)RUFDVHVLQZKLFKWKHVLJQLVWUXO\XQNQRZQDQGWKHUHVHDUFKHULVUHDOO\LQWHUHVWHG
LQXVLQJ63RII53WRLQYHVWLJDWHWKHSUREOHPDSLORWVWDJHRI53RUFODVVLFDO63GDWDPD\
EHXVHGWRJDLQSUHOLPLQDU\NQRZOHGJH2IFRXUVHWKLVLVQRGLIIHUHQWIURPWKHYDVWXVHRI
HIILFLHQW63GHVLJQVDFURVVQXPHURXVGLVFLSOLQHVZKHUHWKHVHQRWRQO\XVHSULRUVRQWKHVLJQ
EXWDOVRYDOXHVRIWKHFRHIILFLHQWVFI5RVH	%OLHPHU
1HYHUWKHOHVVWKHSRWHQWLDOJDLQVLQUHDOLVPDQGLQIRUPDWLRQRIWKH63RII53PHWKRG
FRPHVZLWKDFDYHDW8QGHUWKHIUDPHZRUNGHVFULEHGLQ(TVDQGLWLVSODXVLEOHWR
WKLQNWKDWVRPHRIWKHVHQVLWLYLWLHVSUHIHUHQFHVLQKHUHQWWRWKHGHFLVLRQPDNHUZLOOWUDQVIHU
IURPWKH53WRWKH63H[SHULPHQW7KLVHIIHFWZLOORFFXUIRUWKHVDPHUHDVRQWKDWZHDVVXPH
UHDOLVPLQFUHDVHVE\EXLOGLQJ63H[SHULPHQWVWKDWDUHFORVHO\UHODWHGWR53$VWKLVWUDQVIHU
LVQRWREVHUYHGLWZRXOGLPSO\WKDWVRPHSDUWRIWKHXQREVHUYHGDWWULEXWHVRIHDFKDOWHUQDWLYH
DUHWUDQVIHUUHGIURPWKH53WRWKH63VHWWLQJ7KLVWUDQVIHUDELOLW\FDQEHDFFRPPRGDWHGE\
FRQVLGHULQJWKDWVRPHSDUWRI 53MQH ZLOODSSHDUDOVRLQWKHXWLOLW\RIWKHDOWHUQDWLYHRIWKH63
FKRLFHPRGHO8QGHUWKDWIUDPHZRUNWKH63FKRLFHPRGHOFRXOGEHZULWWHQDVIROORZV
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ?

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7KHFRHIILFLHQW U FRUUHVSRQGVWRWKHIUDFWLRQRIWKH53HUURUWKDWZDVWUDQVIHUUHGRU
FDUULHGRYHUWRWKH63H[SHULPHQW)ROORZLQJYDQ&UDQHQEXUJKHWDOJHQHUDOL]DWLRQ
RIWKH63RII53PRGHOWKHFRHIILFLHQW U LQ(TDOORZVDVLWXDWLRQZKHUHWKHLQGLYLGXDO
PD\QHJOHFWVRPHRUHYHQDOOWKHXQREVHUYHGXWLOLW\KHRUVKHKDGSUHYLRXVO\DVVLJQHGWRDQ
DOWHUQDWLYH LQ WKH53FKRLFH ,Q WKLVZD\7UDLQDQG:LOVRQLPSOLFLWO\DVVXPHWKDW
 U VRPHWKLQJWKDWLVQRWQHFHVVDULO\WUXHDSRLQWZHUHWXUQWREHORZ
1RWHWKDWXQGHUWKLVIUDPHZRUNWKH53(TDQGWKH63(TFKRLFHVVKDUHWKH
VWUXFWXUDOSDUDPHWHUVRILQWHUHVW NE FDOOLQJIRUDMRLQWHVWLPDWLRQ1HYHUWKHOHVVWKHFKDOOHQJH
IURPKDYLQJPL[HG53DQG63GDWDLQWKLVFDVHLVQRWRQO\WKDWWKHVFDOHEHWZHHQERWKPRGHOV
PD\ GLIIHU DV LQ WKH FODVVLF 5363 IUDPHZRUN DQDO\VHG E\ %HQ$NLYD HW DO  DQG
%UDGOH\DQG'DO\EXWDOVRWKHSUREOHPRIHQGRJHQHLW\
:KHQHYHU zU HQGRJHQHLW\SUREOHPVZLOODULVHEHFDXVH 63MQW[ DQGKHQFH  63MQW9 [ E
ZLOOEHFRUUHODWHGZLWK 53MQH DV MQNWJ GHSHQGVRQWKH53FKRLFHDQGWKXVRQ 53MQH FI(TV
7KHUHIRUHFRQVLVWHQF\LQWKHHVWLPDWLRQRIWKHPRGHOFRHIILFLHQWVZLOOQRWEHDFKLHYHGLI
DQDQDO\VWLJQRUHVWKLVWUDQVIHURIHUURULHHVWLPDWHVDPRGHOHLWKHURQMXVWWKH63GDWDRU
MRLQWO\RQ WKH63DQG53GDWDZLWKRXWFUHDWLQJDSURSHUOLQNEHWZHHQ WKH WZR7KLV WKXV
SRWHQWLDOO\OHDGVWRLQFRQVLVWHQF\LQWKHPRGHOSDUDPHWHUV
7KHFKRLFHPRGHOGHSLFWHGLQ(TDOVRFRQVLGHUVDQLGLRV\QFUDWLFHUURUWHUP
63
MQWH
 ZKLFK FRUUHVSRQGV WR H[RJHQRXV XQREVHUYHG IDFWRUV WKDW DIIHFW WKH XWLOLW\ LQ WKH 63
H[SHULPHQWDQGFKDQJHVRYHUWLPH
7KH VHPLQDO ZRUN RI 7UDLQ DQG :LOVRQ  SXW IRUZDUG D VROXWLRQ WR WKH
HQGRJHQHLW\SUREOHPDULVLQJLQWKHPRGHOLQ(T)LUVWFRQVLGHULQJWKDWWKHLGLRV\QFUDWLF
HUURU
63
MQWH LVGLVWULEXWHGLLG([WUHPH9DOXH,   63P DQGFRQGLWLRQLQJRQ 53MQH WKHFKRLFH
PRGHO LQ (T  FDQ ZULWWHQ DV D ORJLW 7KHQ XVLQJ WKDW ORJLW PRGHO DV WKH NHUQHO WKH
SUREDELOLW\RIDOWHUQDWLYH M LQ WKH WWK63VFHQDULRFRQGLWLRQDORQ LEHLQJFKRVHQ LQ WKH53
VHWWLQJLVJLYHQE\DPL[HGORJLWPRGHODV
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ZKHUHWKHLQWHJUDWLRQLVRYHUWKHGHQVLW\RI 53QH FRQGLWLRQDORQ 53QL EHLQJFKRVHQLQWKH53
VHWWLQJ
-RLQWHVWLPDWLRQRQWKH53DQG763FKRLFHVPDGHE\HDFKLQGXYLDOQWKHQPD[LPL]HV
  ?ȋ ? ? ? ?Ȍǲǳ
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ZKHUH<QFRUUHVSRQGVWRWKHYHFWRUFRQWDLQLQJWKH53FKRLFHDQGWKHVHTXHQFHRIFKRLFHVLQ
WKH763WDVNV7UDLQDQG:LOVRQFRQVLGHUWKHOLNHOLKRRGVKRZQLQ(TEXWZLWK
ȡ $VLWZDVVWDWHGEHIRUHIROORZLQJYDQ&UDQHQEXUJHWDOZHFRQVLGHUDIXUWKHU
OHYHORIIOH[LELOLW\E\QRWIL[LQJߩ WRDOORZLQJIRUGLIIHUHQWOHYHOVRIHUURUWUDQVIHU7KH
HVWLPDWHIRU 63P LV WKHQDVFDOHSDUDPHWHUIRU63GDWDZKLOHȡJLYHVDQLQGLFDWLRQRIKRZ
PXFKRIWKH53HUURULVWUDQVIHUUHGWRWKH63VHWWLQJ
7KH DFWXDO ZD\ WR SURGXFHGUDZV IURP 53QH LV QRW FRPSXWDWLRQDOO\ GLIILFXOW DOEHLW
WHGLRXVWRLPSOHPHQWJLYHQWKDWWKH\FRPHIURPDQH[WUHPHYDOXHGLVWULEXWLRQZLWKDVKLIWHG
PHDQ E\ WKH QHJDWLYH ORJDULWKP RI WKH SUREDELOLW\ RI WKH 53 FKRLFH IRU WKH DOWHUQDWLYH
FKRVHQLQWKH53VHWWLQJDQGDWUXQFDWHGH[WUHPHYDOXHGLVWULEXWLRQIRUWKRVHDOWHUQDWLYHVQRW
FKRVHQLQWKH53VHWWLQJWUXQFDWHGE\WKHGLIIHUHQFHVLQWKHGHWHUPLQLVWLFXWLOLWLHVIRULDQGO
SOXVWKHHUURUWHUPIRUDOWHUQDWLYHL)XOOGHWDLOVRQWKLVDUHJLYHQLQ7UDLQDQG:LOVRQ
(YHQLIWKHPRGHOWKHDQDO\VWZLVKHVWRHVWLPDWHLV0XOWLQRPLDO/RJLW01/VLPXODWLRQ
EDVHGHVWLPDWLRQLVUHTXLUHGZLWKWKLVPHWKRG

352326('&21752/)81&7,21&255(&7,21)257+(632))53
352%/(0

,QWKLVDUWLFOHZHSURSRVHDPHWKRGWRFRUUHFWIRUWKHHQGRJHQHLW\SUREOHPLQWKH63RII53
SUREOHPWDNLQJDGYDQWDJHRIWKHIDFWWKDW53DWWULEXWHVDUHVXLWDEOHLQVWUXPHQWDOYDULDEOHVIRU
WKH63DWWULEXWHVWKXVDOORZLQJXVWRDSSO\WKHFRQWUROIXQFWLRQ&)DSSURDFK7KHPHWKRG
ZHSURSRVHKDVWKHDGYDQWDJHWKDWDVDOO/,0/PHWKRGVLWLVPRUHUREXVWLHOHVVVHQVLWLYH
WRPLVVSHFLILFDWLRQVRIWKHXQGHUO\LQJGLVWULEXWLRQDODVVXPSWLRQVEXWZLWKDSRWHQWLDOFRVWLQ
HIILFLHQF\:RROGULGJHVHFWLRQ%HVLGHVWKHSURSRVHGPHWKRGLVPXFKHDVLHU
WRDSSO\IDFLOLWDWLQJLWVDGRSWLRQDQGPRUHH[WHQVLYHXVH
5REXVWQHVV LQ WKLV FDVH PHDQV WKDW WKH SURSRVHG &) PHWKRG LV OHVV VHQVLWLYH WR
PLVVSHFLILFDWLRQLQWKHPRGHO¶VHUURUV7KLVPHDQVWKDWYDULRXVHUURUVWUXFWXUHVZRXOGUHVXOW
LQWKHSURSRVHGPHWKRGSURYLGLQJFRQVLVWHQWHVWLPDWRUVRIWKHPRGHOSDUDPHWHUVZKLOHWKH
VWDWHRIWKHDUW 7	: PHWKRG ZRXOG RQO\ DFKLHYH FRQVLVWHQF\ IRU WKH VSHFLILF MRLQW HUURU
GLVWULEXWLRQDVVXPHGLQ(TVDQG7KHYDOXHRIWKLVUREXVWQHVVLVUHIOHFWHGLQWKH0RQWH
&DUORH[SHULPHQWVSUHVHQWHGLQ6HFWLRQDQGWKHUHDOGDWDFDVHVWXG\DQDO\VHGLQ6HFWLRQ
ZKLFKVXJJHVWVWKDW7	:PHWKRGSURYLGHVLQFRQVLVWHQWHVWLPDWRUVZKHQLWQHJOHFWVDVRXUFH
RIFRPPRQH[RJHQRXVYDULDWLRQDPRQJ63FKRLFHWDVNVZKLOHWKHSURSRVHG&)PHWKRGLV
LPPXQHWRWKDWSUREOHP
7KH&)PHWKRGZDVRULJLQDOO\SURSRVHGE\+HFNPDQZLWKODWHUFRQWULEXWLRQV
E\5LYHUVDQG9XRQJ3HWULQDQG7UDLQ*XHYDUDDQG%HQ$NLYD
*XHYDUD7HU]DHWDODQG7HU]DZKRWHUPHGLWWKH
³WZRVWDJHUHVLGXDO LQFOXVLRQHVWLPDWLRQ´7KHDSSOLFDWLRQRI WKH&) IRU WKHFRUUHFWLRQRI
HQGRJHQHLW\UHTXLUHVDQ LQVWUXPHQWDOYDULDEOH IRUHDFKHQGRJHQRXVYDULDEOHRI WKHPRGHO
7KLV LQVWUXPHQWDO YDULDEOH PXVW EH DW WKH VDPH WLPH VXIILFLHQWO\ FRUUHODWHG ZLWK WKH
UHVSHFWLYHHQGRJHQRXVYDULDEOHDQGLQGHSHQGHQWRIWKHHUURUWHUPRIWKHPRGHO
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ?

%HFDXVH RI (T  WKH HQGRJHQRXV YDULDEOHV LQ WKLV FDVH DUH HDFK 63MQNW[ EXLOW DV D
YDULDWLRQRIWKHUHVSHFWLYH 53MQN[ EHFDXVH MQNWJ GHSHQGVRQWKH53FKRLFHDQGKHQFHRQWKH
WUDQVIHUUHG 53MQH $OVREHFDXVHRI(T 53MQN[ PDNHVDSURSHULQVWUXPHQWIRU 63MQNW[ EHFDXVH
WKH\DUHFRUUHODWHGE\FRQVWUXFWLRQDQGXQGHUWKHDVVXPSWLRQWKDWWKH53PRGHOZDVFRUUHFWO\
VSHFLILHG 53MQN[ LVLQGHSHQGHQWRI 53MQH ZKLFKLVWKHVRXUFHRIHQGRJHQHLW\LQWKH63PRGHO
7KHUHIRUHZHFDQFRQVLVWHQWO\HVWLPDWHWKH63PRGHODORQHLIZHFRUUHFWIRUWKHHQGRJHQHLW\
XVLQJWKHWZRVWDJHVFRQWUROIXQFWLRQ6&)DSSURDFK
7RH[SODLQWKHSURSRVHG6&)PHWKRGFRQVLGHUDELQDU\PRGHFKRLFHPRGHOEHWZHHQ
FDUDQGEXVDQGZLWKRQO\WZR 53MQN[ DWWULEXWHVWUDYHOWLPHDQGFRVW6LQFHSHRSOHZRXOGOLNH
WR WUDYHO IRU D VKRUWHU WLPH DQG SD\LQJ D VPDOOHU DPRXQW RI PRQH\ WE  DQG FE  UHVSHFWLYHO\7KHQLIIRUH[DPSOHLQGLYLGXDOQFKRRVHVWKHEXVLQWKH53H[SHULPHQWWKH
DWWULEXWHVRIWKH63H[SHULPHQWZLOOEHEXLOWWRLQGXFHDEHKDYLRXUFKDQJHZRUVHQLQJWKHEXV
DQGLPSURYLQJWKHFDU7KLVFRXOGEHDFKLHYHGE\IRUH[DPSOHFUHDWLQJWKHIROORZLQJ63
DWWULEXWHVVKRZQLQ(T
B B
B B
B B
B B

&RV &RV

&RV &RV
63 53
%XV Q %XV Q
63 53
%XV Q %XV Q
63 53
&DU Q &DU Q
63 53
&DU Q &DU Q
7LPH 7LPH
W W
7LPH 7LPH
W W
 
 
 
 
         
,QWKLVFDVHWKHVFDODUV MQNJ FRXOGKDYHEHHQIXOO\SUHGHILQHGHJIRUWLPHIRUWKH
53FKRVHQDOWHUQDWLYHLQWKLVFDVHRUUDQGRPO\GUDZQIURPDSUHGHILQHGVHWRIVFDODUVWKDW
DUHODUJHURUVPDOOHUWKDQRQHDVDSSURSULDWH:HZLOOIROORZWKHODWHUDSSURDFKLQWKH0RQWH
&DUORH[SHULPHQWVGHYHORSHGODWHURQ6HFWLRQ
7KHQWKH6&)FRUUHFWLRQLVDSSOLHGLQWZRVWDJHV,QWKHILUVWVWDJHHDFKHQGRJHQRXV
63
MQNW[ VKRXOGEHUHJUHVVHGRQWKHLUUHVSHFWLYHLQVWUXPHQWDQGWKHFRQWUROVWRUHWULHYHDUHVLGXDO
WKDWZLOOFDSWXUHWKHSDUWRI 63MQNW[ WKDWZDVFRUUHODWHGZLWKWKH 53MQH HUURURIWKH53PRGHOWKDW
ZDV WUDQVIHUUHG WR WKH 63 WDVN %HFDXVH RI (T  WKH LQVWUXPHQW IRU HDFK 63MQNW[  LV LWV
UHVSHFWLYH 53MQN[ 
%HFDXVHLQWKLVH[DPSOHZHKDYHPRUHWKDQRQHHQGRJHQRXVYDULDEOHWKHUHJUHVVLRQ
PXVWEHPDGHQRWRQO\RQWKHUHVSHFWLYHLQVWUXPHQWEXWDOVRRQWKHLQVWUXPHQWVRIDOOWKH
RWKHU HQGRJHQRXV YDULDEOHV ZKLFK DFW DV FRQWUROV )RU WKH VWDWHG H[DPSOH WKLV PHDQV
HVWLPDWLQJWKHIROORZLQJWZRUHJUHVVLRQVVKRZQLQ(TE\RUGLQDU\OHDVWVTXDUHV2/6
VWDFNLQJWKHLQIRUPDWLRQIURPDOODYDLODEOHDOWHUQDWLYHV
  ?ȋ ? ? ? ?Ȍ ?	Ǥ
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7LPH 7LPH &RVW
&RVW 7LPH &RVW
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7KHQLQWKHVHFRQGVWDJHWKHUHVLGXDOVRIWKHVHUHJUHVVLRQV Ö Ö7LPH &RVWMQW MQWG G DUHDGGHGWR
WKH63FKRLFHPRGHOWRFRQWUROIRUHQGRJHQHLW\VXFKWKDWWKHV\VWHPDWLFSDUWRIWKHXWLOLW\
WDNHVWKHIRUPVKRZQLQ(T
Ö Ö7LPH FRVW63 63 63 7LPH &RVWMQW M WLPH MQW FRVW MQW 7 MQW & MQW9 $6& E E T G T G          
8QGHUWKHVHWWLQJGHVFULEHGWKHSURSRVHGPHWKRGZLOODOORZWKHFRQVLVWHQWHVWLPDWLRQ
RIWKHPRGHOFRHIILFLHQWV  M WLPH FRVW$6& E E VKRZQLQ(TXSWRDVFDOH*XHYDUDDQG%HQ
$NLYD
)RUWKLVPHWKRGWREHYDOLGZHZRXOGIRUPDOO\QHHGWRDVVXPHWKDW 53MQH LVQRUPDOO\
GLVWULEXWHGVHHHJ*XHYDUD LPSO\LQJ WKDW WKH53PRGHO LVD3URELW LQVWHDGRID
/RJLW +RZHYHU LI WKH JRDO LV WR DFKLHYH FRQVLVWHQF\ WKH 3URELW PRGHO FRXOG EH VDIHO\
DSSUR[LPDWHGE\WKH/RJLWPRGHOVKRZQLQ(TSURYLGHGWKHLLGSURSHUW\LVPDLQWDLQHG
/HH5XXG
7KH VWDQGDUG HUURUV RI WKH HVWLPDWRUV REWDLQHG ZLWK WKH 6&) PHWKRG FDQQRW EH
REWDLQHGGLUHFWO\IURPWKHLQYHUVHRIWKH)LVKHU,QIRUPDWLRQ0DWUL[EHFDXVHWKHUHVLGXDOXVHG
LQWKHVHFRQGVWDJHLVDQHVWLPDWHGUHJUHVVRU7KLVSUREOHPFDQEHVROYHGXVLQJWKH'HOWD
PHWKRG.DUDFDǦ0DQGLFDQG7UDLQRUDQRQSDUDPHWULFDSSURDFKVXFKDVWKHERRWVWUDS
3HWULQDQG7UDLQ1HYHUWKHOHVVDVWDWLVWLFDOWHVWRIWKHQXOOK\SRWKHVLVWKDW Ö7T DQG Ö&T 
DUHHTXDOWR]HURREWDLQHGGLUHFWO\IURPWKHLQIRUPDWLRQPDWUL[FDQEHXVHGDVDWHVWIRUWKH
DEVHQFHRIHQGRJHQHLW\EHFDXVHWKHHVWLPDWHGUHJUHVVRUSUREOHPGLVDSSHDUVXQGHUWKHQXOO
5LYHUVDQG9XRQJ
7KHQHHGIRUHVWLPDWLQJWKHVWDQGDUGHUURUVLQGLUHFWO\FDQEHFLUFXPYHQWHGXVLQJZKDW
7UDLQ&KWHUPVWKH0D[LPXP/LNHOLKRRG0/DSSURDFKRIWKH&)PHWKRG
0/&) KHUHRQ ZKLFK FRQVLVWV RI FRQVLGHULQJ WKH VWDJHV GHVFULEHG LQ (TV  DQG 
VLPXOWDQHRXVO\ 6XFK DQ DSSURDFK PD\ DOVR LQFUHDVH WKH HIILFLHQF\ RI WKH HVWLPDWRUV
FRPSDUHGWRWKRVHRIWKH6&)YHUVLRQEXWDWWKHFRVWRIUHGXFLQJUREXVWQHVVRUJHQHUDOLW\
7KH ORVV RI UREXVWQHVV LV UHODWHG ZLWK WKDW ZKLOH 6&) UHTXLUHV D VSHFLILFDWLRQ RI WKH
FRQGLWLRQDOGLVWULEXWLRQRI 53 63MQ MQ MQWH UH H  JLYHQ MQWG 0/&)UHTXLUHVVSHFLI\LQJWKHLUMRLQW
GLVWULEXWLRQ7KHSUREOHPLVWKDWZKLOHWKHUHDUHPDQ\MRLQWGLVWULEXWLRQVWKDWKDYHDVSHFLILF
FRQGLWLRQDOGLVWULEXWLRQHDFKMRLQWGLVWULEXWLRQLPSOLHVRQO\DFHUWDLQFRQGLWLRQDOGLVWULEXWLRQ
VHHHJ7UDLQ&KIRUGLVFXVVLRQVSHFLILFIRU&)DQG:RROGULGJHVHFWLRQ
IRUDJHQHUDORQH
,WVKRXOGEHQRWHGKRZHYHUWKDWHYHQWKRXJK0/&)LVRIWHQPRUHHIILFLHQWWKDQWKH
6&)PHWKRGLWLVVWLOOD/,0/DSSURDFKDQGDVVXFKLVOHVVHIILFLHQWWKDQWKH),0/PHWKRG
SURSRVHGE\7	:IRUWKH63RII53SUREOHPXQGHUVWXG\$WWKHVDPHWLPHKRZHYHUERWK
&)DSSURDFKHVDUHPRUHUREXVWLHPRUHJHQHUDORUOHVVVHQVLWLYHWKDQWKH),0/RQHLQWKH
VHQVHWKDWWKH\UHTXLUHIHZHUGLVWULEXWLRQDODVVXPSWLRQVWRDWWDLQFRQVLVWHQF\
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ? ?

,QWKH0RQWH&DUORH[SHULPHQWVUHSRUWHGLQ6HFWLRQZHZLOOFRQVLGHUWKHWZRVWDJHV
YHUVLRQRIWKH&)PHWKRG6&)VLQFHWKHVWDQGDUGHUURUVIRUWKHVWDWLVWLFVRILQWHUHVWVZLOO
EHFDOFXODWHGIURPWKHUHSHWLWLRQVRIWKHH[SHULPHQWVDQGHIILFLHQF\LVDFRQWUROOHGLVVXHLQ
WKDWFDVH+RZHYHULQWKHDSSOLFDWLRQZLWKUHDOGDWDUHSRUWHGLQ6HFWLRQZHZLOOXVHWKH
0/&)YHUVLRQQRWRQO\WRIDFLOLWDWHWKHFDOFXODWLRQRIWKHVWDQGDUGHUURUVGLUHFWO\IURPWKH
LQIRUPDWLRQPDWUL[EXWDOVRWRPDNHWKHEHVWRIDGDWDEDVHWKDWKDVYHU\IHZREVHUYDWLRQV
DQGORZOHYHOVRIYDULDQFH
&RPSDUHGWRWKH7	:PHWKRGWKHSURSRVHG6&)ZLOOEHIXUWKHUOHVVHIILFLHQWQRW
RQO\EHFDXVHLWLVD/,0/HVWLPDWRULIWKHHVWLPDWLRQRIWKH63VDORQHLQWKH6&)PLVVHV
WKHLQIRUPDWLRQRQWKH53FKRLFHZKLFKDUHLQFOXGHGLQ7	:¶VDSSURDFK7KLVOLPLWDWLRQ
FDQEHHDVLO\KDQGOHGZLWKPLQLPXPLQFUHDVHRIWKHPRGHOFRPSOH[LW\E\LQFOXGLQJWKH53
REVHUYDWLRQVEXWDFFRXQWLQJIRUWKHFKDQJHRIVFDOHDVVKRZQE\%HQ$NLYDHWDO
DQG%UDGOH\DQG'DO\7KLVDSSURDFKZLOOEHXVHGODWHUERWKLQWKH0RQWH&DUORDQG
WKHUHDOGDWDH[SHULPHQWVVWXGLHGLQVHFWLRQVDQG,WVKRXOGEHQRWHGKRZHYHUWKDWLWLV
QRWQHFHVVDULO\DOZD\VFRQYHQLHQWWRLQFOXGHWKH53GDWDLQWKHHVWLPDWLRQ2QHFDVHLQZKLFK
LWZRXOGQRWEHDSSURSULDWH WRGRLWVRZRXOGEHZKHQ WKH53DWWULEXWHVDUHVHOIUHSRUWHG
EHFDXVHWKDWPD\LQGXFHDGLIIHUHQWW\SHRIHQGRJHQHLW\SUREOHPVHHHJ9DQ&UDQHQEXUJK
HWDO
$QRWKHU UHDVRQ ZK\ WKH EDVLF LPSOHPHQWDWLRQ RI WKH 6&) PHWKRG PD\ EH OHVV
HIILFLHQWWKDQWKH7	:PHWKRGLVEHFDXVHWKDWWKHODFNRIUDQGRPFRPSRQHQWVDQGKHQFH
LQWHJUDWLRQPD\QHJOHFWWKHSRWHQWLDOFRUUHODWLRQDFURVV63WDVNV7KH7	:DSSURDFKUHOLHV
RQFDSWXULQJFRUUHODWLRQEHWZHHQHDFK63RII53VFHQDULRDQGWKH53VFHQDULRRQZKLFKWKH\
ZHUH EXLOW 63 VXUYH\V W\SLFDOO\ SUHVHQW UHVSRQGHQWV ZLWK PXOWLSOH VFHQDULRV JHQHUDOO\
EHWZHHQ  DQG  DQG WKHUH LV DPSOH HYLGHQFH RI FRUUHODWLRQ EHWZHHQ WKH UHVSRQVHV WR
LQGLYLGXDO VFHQDULRV FRPLQJ IURP WKH VDPH UHVSRQGHQW ZKHUH WKLV LV RI JUHDW EHQHILW LQ
UHWULHYLQJ UDQGRP KHWHURJHQHLW\ DFURVV UHVSRQGHQWV +RZHYHU WKHUH LV FOHDUO\ DOVR WKH
SRVVLELOLW\ WKDW WKHUH LV FRUUHODWLRQ LQ WKH HUURU WHUPV EHWZHHQ WKH 63 VFHQDULRV ZKLFK LV
VSHFLILF WR WKH 63 GDWD DQG QRW OLQNHG WR WKH RULJLQDO 53 GDWD $ PDLQ UHDVRQ IRU VXFK
FRUUHODWLRQLVWKDWWKHEHKDYLRXULQK\SRWKHWLFDOVHWWLQJVPD\GLIIHUIURPWKDWLQUHDOZRUOG
VHWWLQJV,IVXFK63VSHFLILFFRUUHODWLRQH[LVWVWKHQWKH),0/DSSURDFKXVHGE\7	:UXQV
WKHULVNRIPLVDWWULEXWLQJWKLVFRUUHODWLRQEHWZHHQ63VFHQDULRVWRFRUUHODWLRQEHWZHHQWKH53
DQG63VFHQDULRVDSRLQWZHLOOXVWUDWHLQRXUHPSLULFDOZRUN)XUWKHUPRUHWKHOLPLWDWLRQRI
WKH6&)LQ WKHVHQVHRIQHJOHFWLQJDQ\H[LVWLQJFRUUHODWLRQDPRQJ63FKRLFHVPD\RQO\
FRPSURPLVHHIILFLHQF\EXWQRWFRQVLVWHQF\RIWKHHVWLPDWRUVDQGLIHIILFLHQF\LVDQLVVXHLW
FDQEHKDQGOHGLQWKDWFDVHE\H[WHQGLQJWKH6&)DSSURDFKWRDFFRXQWIRUFRUUHODWLRQDFURVV
WKHGLIIHUHQW63FKRLFHVXVLQJDPL[HGGLVWULEXWLRQ7UDLQ&KDWWKHFRVWKRZHYHU
RILQFUHDVLQJWKHPHWKRG¶VFRPSOH[LW\:HZLOOH[SORUHWKHLPSDFWRIWKLVLPSURYHPHQWLQ
RXUHPSLULFDOZRUN
7KH SURSRVHG &) PHWKRG LV HDVLHU WR DSSO\ DQG WKDW ZH WKLQN PD\ IDFLOLWDWH LWV
DGRSWLRQDQGDOORZDPRUHH[WHQVLYHXVHRI63RII53DSSURDFKHV7KLVGRHVQRWPHDQWKDW
WKH&)PHWKRGFDQEHXVHGZLWKVWDQGDUGVRIWZDUHLPPHGLDWHO\EXWDVGHVFULEHGEHIRUHE\
WKHFRPELQDWLRQRISURSHUDSSOLFDWLRQVRIVWDQGDUGVRIWZDUH LQZD\V WKDWDUHGLIIHUHQW IRU
HDFKGDWDEDVH7KHPDLQUHDVRQ WKH&)DSSURDFK LV³HDVLHU´FRPHVIURP WKHIDFW WKDW WKH
PHWKRGGRHVQRWUHTXLUHDGKRFVLPXODWLRQSURFHGXUHVDQGLVWKHUHIRUHOHVVFRPSXWDWLRQDOO\
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ? ?

GHPDQGLQJDQGDOVROHVVSURQHWRQRUPDOL]DWLRQSLWIDOOVDQGWRHPSLULFDOIDOVHLGHQWLILFDWLRQ
SUREOHPV
6XPPDUL]LQJ ZKLOH WKH SURSRVHG 6&) PHWKRG PD\ EH OHVV HIILFLHQW WKDQ 7	:
PHWKRG WR DGGUHVV WKH HQGRJHQHLW\ SUREOHP RQ 63RII53 GDWD LW KDV WZR LPSRUWDQW
DGYDQWDJHV 7KH ILUVW LV WKDW DV DOO /,0/ DSSURDFKHV WKH 6&) LV PRUH UREXVW WR WKH
XQGHUO\LQJGLVWULEXWLRQDODVVXPSWLRQVRIWKHPRGHO7KLVDGYDQWDJHPDQLIHVWVLWVHOILQWKLV
FDVH DV ZH ZLOO VKRZ ODWHU LQ WKDW WKH 7	: DSSURDFK FDQ PLVDWWULEXWH DQ\ FRUUHODWLRQ
EHWZHHQWKH63VFHQDULRVWRFRUUHODWLRQEHWZHHQ53DQG63VFHQDULRVZKLOHWKH&)LVQRW
DIIHFWHGE\WKDWSUREOHP7KHVHFRQGUHODWLYHDGYDQWDJHRIWKHSURSRVHG&)DSSURDFKLVWKDW
LWLVPXFKHDVLHUWRLPSOHPHQWWKDQWKH7	:DSSURDFKDQGFDQEHDSSOLHGXVLQJVWDQGDUG
VRIWZDUHLILWLVHVWLPDWHGLQWZRVWDJHV

0217(&$5/2(;3(5,0(17&2175$67,1*7+(&)$1'7	:
$3352$&+(681'(59$5,286'$7$*(1(5$7,21352&(66(6

,Q WKLV VHFWLRQ ZH UHSRUW D 0RQWH &DUOR ([SHULPHQW WR FRQWUDVW WKH SHUIRUPDQFH RI WKH
SURSRVHG &RQWURO )XQFWLRQ &) PHWKRG ZLWK WKH FXUUHQW VWDWH RI WKH DUW IRU DGGUHVVLQJ
HQGRJHQHLW\ LQ WKH 63RII53 SUREOHP XQGHU YDULRXV GDWD JHQHUDWLRQ SURFHVVHV 7KH
H[SHULPHQWDO VHWWLQJ LVGHVLJQHG WR LOOXVWUDWH WKH PDLQ DGYDQWDJHV DQG OLPLWDWLRQVRIERWK
DSSURDFKHV
7KH GDWD JHQHUDWLRQ SURFHVV IRU WKH 5HYHDOHG 3UHIHUHQFH 53 H[SHULPHQW LV D
WULQRPLDOPRGHFKRLFHPRGHOZKHUHLQGLYLGXDOVPXVWFKRRVHVROHO\RQWKHEDVLVRIWUDYHO
WLPH 53MQ7LPH DQGWUDYHOFRVW &RV 53MQW ZLWKDOWHUQDWLYHVSHFLILFFRQVWDQWVVHWWR]HURDQG
XVLQJWKHSRSXODWLRQFRHIILFLHQWVVKRZQLQ(T
 &RV53 53 53 53MQ MQ MQ MQ8 7LPH W H          
53
MQ7LPH DQG &RV 53MQW YDOXHVZHUHGUDZQIURPDUDQGRPXQLIRUPEHWZHHQDQG7KH
HUURU 53MQH ZDVGUDZQIURPDVWDQGDUG1RUPDOGLVWULEXWLRQ WR IDFLOLWDWH WKHYDULDQFHFRQWURO
DPRQJ H[SHULPHQWV DV H[SODLQHG ODWHU $OWKRXJK WKH HUURU WHUP LQ GDWD JHQHUDWLRQ ZDV
GLVWULEXWHGQRUPDOORJLWIDPLO\PRGHOVZHUHXVHGLQHVWLPDWLRQLQOLQHZLWK/HH¶V
DQG5XXG¶VUHVXOWV
(LJKW63FKRLFHWDVNVWZHUHEXLOWIRUHYHU\LQGLYLGXDOQLQWKHVDPSOHE\VKLIWLQJWKH
DWWULEXWHVRIWKH53H[SHULPHQWIROORZLQJWKH63RII53LGHD7KHPXOWLSOLHUVXVHGWRVKLIW
WUDYHOWLPHDQGFRVWZHUHUDQGRPO\GUDZQIRUHDFKLQGLYLGXDODQGDOWHUQDWLYHIURPDXQLIRUP
GLVWULEXWLRQEHWZHHQDQGIRUWKHDOWHUQDWLYHWKDWZDVFKRVHQLQWKH53DQGEHWZHHQ
DQGIRUWKHUHPDLQLQJWZRDOWHUQDWLYHV
7KHXWLOLW\RIWKHPRGHOXVHGWREXLOGHDFK63FKRLFHWDVNWZDVWKHQJLYHQE\
  ?ǡǦǦǤǤ
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ? ?

   63 63 63 63 63 53MQW MQW MQW MQ MQW MQ8 7LPH &RVW H HJ J J H         
ZKHUH 63MQWH LVDQH[RJHQRXVVWDQGDUG1RUPDOHUURUWHUPWKDWLVRQO\SUHVHQWLQWKH63FKRLFHV
DQGYDULHV DFURVV WDVNV W 63MQH  LV DQRWKHU H[RJHQRXV VWDQGDUG1RUPDO HUURU WHUP UHSHDWHG
DFURVV63FKRLFHVIRUHDFKLQGLYLGXDOQDQG
53
MQH LVWKH53HUURUWHUP
7KLVGDWDJHQHUDWLRQSURFHVVDOORZVIRUWZRW\SHVRI63VSHFLILFH[RJHQRXVHUURUV
63
MQWH LV
DQLGLRV\QFUDWLFWHUPWKDWDIIHFWVWKH63XWLOLW\DQGFKDQJHVRYHUWLPHLQWKHVDPHZD\DVLQ
7	:¶VPRGHODVVKRZQLQ(T7KHVHFRQG63VSHFLILFH[RJHQRXVHUURU
63
MQH DOORZHG
FDSWXUHV63VSHFLILFIDFWRUVWKDWGRQRWYDU\E\LQGLYLGXDODQGDUHWKHUHIRUHVKDUHGEHWZHHQ
WKHLUFKRLFHWDVNVFDXVLQJVRPHW\SHRIFRUUHODWLRQDPRQJWKHPWKDWLVQRWUHODWHGWRWKH53
FKRLFH%RUURZLQJIURPWKHSDQHOGDWDOLWHUDWXUHZHZLOOGHQRPLQDWHWKHHUURUWHUP
63
MQH DVD
UDQGRPHIIHFW
7KH0RQWH&DUORH[SHULPHQWVGHYHORSHGLQWKLVVHFWLRQDQGWKHUHDOGDWDDSSOLFDWLRQLQ
6HFWLRQ  ZLOO VKRZ WKDW QHJOHFWLQJ WKH UDQGRP HIIHFW LQ 7	:¶V ),0/ DSSURDFK PD\
SUHFOXGHWKHFRQVLVWHQWHVWLPDWLRQRIWKHPRGHOSDUDPHWHUVZKLOHWKH/,0/DSSURDFKWRWKH
SUREOHPSURSRVHGLQWKLVSDSHUPD\EHUREXVWWRWKLVW\SHRIGLVWULEXWLRQDOPLVVSHFLILFDWLRQ
)RXU H[SHULPHQWDO FDVHV IRU WKH GDWD JHQHUDWLRQ SURFHVV ZHUH GHILQHG EDVHG RQ WKH
FRHIILFLHQWV    J J J VKRZQLQ(T

&DVH     J J J   7KLVFDVHFRUUHVSRQGVWRWKHGDWDJHQHUDWLRQSURFHVVDVVXPHG
E\7UDLQDQG:LOVRQZKLFKOHDGVWRWKHOLNHOLKRRGVKRZQLQ(TZLWK
ȡ  7KH 53 HUURU
53
MQH LV IXOO\   J  WUDQVIHUUHG WR WKH 63 FKRLFHV FDXVLQJ
HQGRJHQHLW\DQGWKHUHLVDQLGLRV\QFUDWLFH[RJHQRXVHUURU
63
MQWH WKDWFKDQJHVEHWZHHQ
FKRLFHWDVNVWSURGXFLQJDOVRDFKDQJHLQVFDOHEHWZHHQ53DQG63PRGHOV

&DVH       J J J   7KLVFDVHFRUUHVSRQGVWRWKHGDWDJHQHUDWLRQSURFHVV
IRUWKHPRGHOFRQVLGHUHGE\9DQ&UDQHQEXUJKHWDOZKHUHQRWQHFHVVDULO\
DOO WKH 53 HUURU
53
MQH LV WUDQVIHUUHG WR WKH 63 FKRLFH WDVNV EXW VWLOO FDXVLQJ
HQGRJHQHLW\7KHYDOXHFRQVLGHUHGIRU    J J  LVXVHGWRJXDUDQWHHWKDWWKH
YDULDQFHLQHDFK63H[SHULPHQWLVWKHVDPHDVWKDWRIWKH53H[SHULPHQWWRDYRLG
GLIIHUHQFHVWKDWPD\EHDWWULEXWDEOHWRPRGHOSUHFLVLRQ1RWHWKDWWKLVDOVRLPSOLHV
WKDW QR VFDOH GLIIHUHQFHV VKRXOG H[LVW EHWZHHQ WKH 53 DQG WKH 63 H[SHULPHQWV
SURYLGHGWKH\DUHSURSHUO\VSHFLILHG
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ? ?

&DVH         J J J   7KLVFDVHWKHPRVWJHQHUDOVWXGLHGLQWKLVSDSHU
DGGVWR&DVHWKHSRVVLELOLW\RIKDYLQJUDQGRPHIIHFW63HUURUV 63MQH WKDWDUHVKDUHG
DFURVV 63 FKRLFH WDVNV 7KH YDOXH RI   LV DJDLQ XVHG WR JXDUDQWHH WKDW WKH
YDULDQFHLQHDFK63FKRLFHWDVNLVHTXDOWR6LQFH
53
MQH LVSDUWLDOO\WUDQVIHUUHGWR
WKH63FKRLFHVWKLVPRGHODOVRVXIIHUVIURPHQGRJHQHLW\
&DVH       J J J   ,QWKLVFDVHLWLVDVVXPHGWKDWWKHUHLVQRHQGRJHQHLW\
EHFDXVHWKH53HUURULVQRWWUDQVIHUUHGWRWKH63FKRLFHWDVNV+RZHYHUWKHUHLVD
UDQGRPHIIHFWH[RJHQRXVHUURU 63MQH WKDW LVVKDUHGE\ WKH63FKRLFH WDVNV WRJHWKHU
ZLWKDQLGLRV\QFUDWLFWDVNVSHFLILFHUURU
63
MQWH $VZHZLOOVKRZWKLVVHWWLQJFDQUHVXOW
LQFRQIRXQGLQJVRXUFHVRIFRUUHODWLRQDPRQJ63FKRLFHWDVNVWKDWPD\UHVXOWLQDQ
XQGHVLUHG VRXUFH RI HQGRJHQHLW\ ZKHQ WKH PRGHO LV HVWLPDWHG ZLWK D ZURQJO\
VSHFLILHG),0/PRGHO

)RUHDFKRIWKH&DVHVFRQVLGHUHGIRUWKHGDWDJHQHUDWLRQSURFHVVWKHIROORZLQJPRGHOV
ZHUHHVWLPDWHG

 5353PRGHOHVWLPDWHGFRQVLGHULQJDOOWKHH[SODQDWRU\YDULDEOHVGHVFULEHGLQ(T
7KLVPRGHO LVXVHGDVDEHQFKPDUNRIDPRGHO WKDWVKRXOGQRWVXIIHUIURP
HQGRJHQHLW\
 5363-RLQWHVWLPDWLRQRIWKHFKRLFHPRGHOFRQVLGHULQJERWKWKH53DQGWKH63
RII53GDWDQHJOHFWLQJKRZHYHUWKHIDFWWKDWWKHDWWULEXWHVPD\EHHQGRJHQRXV7KLV
PRGHOLVXVHGDVWKHGRQRWKLQJEHQFKPDUN
 5363ı5363PRGHOZKHUHDQHUURUFRPSRQHQWPL[WXUHLVXVHGWRDFFRXQWIRUWKH
FRUUHODWLRQDPRQJ63FKRLFHWDVNVGXHWRDSRWHQWLDOUDQGRPHIIHFW7KLVPRGHO
QHJOHFWV WKH SRWHQWLDO H[LVWHQFH RI HQGRJHQHLW\ SUREOHP EXW DOORZV IRU WKH
FRUUHODWLRQDPRQJWKH63FKRLFHWDVNV
 5363ȝ5363PRGHOZKHUHWKHSRWHQWLDOVFDOHGLIIHUHQFHEHWZHHQWKH53DQG63
FKRLFH H[SHULPHQWV LV DFFRXQWHG IRU IROORZLQJ WKH DSSURDFK SURSRVHG E\ %HQ
$NLYD HW DO  DQG %UDGOH\ DQG 'DO\  7KH SRWHQWLDO HQGRJHQHLW\
SUREOHPLVKRZHYHUQHJOHFWHGDVLVWKHFRUUHODWLRQEHWZHHQ63WDVNV
 5363ȝı5363PRGHOZKHUHWKHVFDOHDQGWKHHUURUFRPSRQHQWWRDFFRXQWIRUD
UDQGRPHIIHFWDUHFRQVLGHUHG7KHSRWHQWLDOHQGRJHQHLW\SUREOHPLVQHJOHFWHG
 5363B&)-RLQWHVWLPDWLRQRIWKHFKRLFHPRGHOFRQVLGHULQJERWKWKH53DQGWKH
63RII53 GDWD DQG FRUUHFWLQJ IRU WKH SRWHQWLDO HQGRJHQHLW\ SUREOHP XVLQJ WKH
SURSRVHG&)PHWKRGDVGLVFXVVHGLQ6HFWLRQ
 5363B&)ȝ -RLQW HVWLPDWLRQ RI WKH 53 DQG 63RII53 PRGHO FRUUHFWLQJ IRU
HQGRJHQHLW\XVLQJWKH&)PHWKRGEXWQRZDOVRLQFOXGLQJWKHVFDOHFRUUHFWLRQ
  ?ߪǡȋ ?ǡߪȌǡǤ
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ? ?

 5363B&)ȝı -RLQW HVWLPDWLRQRI53 DQG63RII53FRUUHFWLQJ IRU HQGRJHQHLW\
XVLQJ WKH &) PHWKRG LQFOXGLQJ WKH VFDOH FRUUHFWLRQ DQG DQ HUURU FRPSRQHQW WR
DFFRXQWIRUWKHFRUUHODWLRQDPRQJ63FKRLFHWDVNVGXHWRDUDQGRPHIIHFW
 7	:7KH53DQG63RII53PRGHOVDUHHVWLPDWHGWRJHWKHUXVLQJWKH7UDLQDQG
:LOVRQ  FRUUHFWLRQ PHWKRG WR DFFRXQW IRU 63RII53 HQGRJHQHLW\ DV
GHVFULEHGVKRZQLQ(TDVVXPLQJDIXOOHUURUWUDQVIHUZLWKȡ 
7	:ȡ7	:PRGHOEXWIROORZLQJYDQ&UDQHQEXUJKHWDODOORZLQJIRUD
SDUWLDO WUDQVIHURI WKH53HUURU LQWR WKH63FKRLFH WDVNVDVVKRZQ LQ(T E\
HVWLPDWLQJȡ
7	:ȡı 7	: PRGHO FRQVLGHULQJ SDUWLDO WUDQVIHU RI 53 HUURU DQG DQ HUURU
FRPSRQHQWPL[WXUHWKDWLVXVHGWRDFFRXQWVHSDUDWHO\IRUWKHFRUUHODWLRQDPRQJ63
FKRLFHWDVNVGXHWRDUDQGRPHIIHFW

7KHVHPRGHOVDUHDQDO\VHGLQWHUPVRIWKHLUHPSLULFDOILQLWHVDPSOHSURSHUWLHVXVLQJ
WKH 0RQWH &DUOR RXWFRPHV %HFDXVH WKH FRUUHFWLRQ RI HQGRJHQHLW\ LQ GLVFUHWHFKRLFH
PRGHOVSURGXFHVDFKDQJHLQWKHVFDOHRIWKHPRGHO*XHYDUDDQG%HQ$NLYDZH
VWXG\WKHVDPSOLQJGLVWULEXWLRQRIWKHUDWLR FW EE ÖÖ LQVWHDGRIWKH ÖWE DQG ÖFE WKHPVHOYHV
7KH DQDO\VLV ZDV GHYHORSHG E\ UHSHDWLQJ HDFK H[SHULPHQW  WLPHV DQG DQDO\VLQJ WKH
HPSLULFDO GLVWULEXWLRQ RI WKH HVWLPDWHV REWDLQHG IURP WKRVH UHSHWLWLRQV WR FDOFXODWH WKH
IROORZLQJIRXUVWDWLVWLFV

x  %LDV 0HDQ SHUFHQW HPSLULFDO ILQLWH VDPSOH ELDV RI FW EE ÖÖ DFURVV WKH 
UHSHWLWLRQVRIWKH0RQWH&DUORH[SHULPHQWVZKLFKFDQEHFDOFXODWHGLQWKLV0RQWH
&DUORH[SHULPHQWEHFDXVH WKHSRSXODWLRQSDUDPHWHUVDUHNQRZQ$QHQGRJHQRXV
PRGHO VKRXOG VKRZ D ODUJH  %LDV DQG D PRGHO WKDW VXFFHVVIXOO\ FRUUHFWV IRU
HQGRJHQHLW\VKRXOGKDYHDVPDOOYDOXHIRU%LDV
x SYDOXHSYDOXHRIWKHDV\PSWRWLFWWHVWIRUWKHK\SRWKHVLVWKDWWKHHVWLPDWHGUDWLR
LV HTXDO WR WKH SRSXODWLRQ YDOXH W FE E   SYDOXHV DERYH HJ  DUH
LQWHUSUHWHGDVDVXFFHVVIXOFRUUHFWLRQRIWKHSRWHQWLDOHQGRJHQHLW\SUREOHP
x 7LPHVHF$YHUDJHHVWLPDWLRQWLPHLQVHFRQGV
x // $YHUDJH ORJOLNHOLKRRG DFURVV WKH  UHSHWLWLRQV /HVV QHJDWLYH YDOXHV
LQGLFDWH EHWWHU ILW EXW VDPSOH VL]H UHODWHG DQG GRHV QRW DFFRXQW IRU QXPEHU RI
SDUDPHWHUV6DPSOHVL]HLVIRUWKH53DQGIRUDOORWKHUFDVHVWKDWFRPELQH
53DQG63FKRLFHV
x DGM࣋૛JRRGQHVVRIILWPHDVXUHDGMXVWHGIRUWKHQXPEHURISDUDPHWHUV VHHHJ
%HQ$NLYDDQG/HUPDQ+LJKHUYDOXHVLQGLFDWHEHWWHUILWEXWVWLOOVDPSOHVL]H
UHODWHG

)RU LOOXVWUDWLYH SXUSRVHV WKH UHVXOWV IURP 7DEOH  DUH DOVR VKRZQ LQ )LJXUH  7KH
YHUWLFDOD[LV LQ)LJXUHFRUUHVSRQGV WR WKHHVWLPDWHG UDWLR FW EE ÖÖ DQG WKHPHWKRGVDUH
RUGHUHG DORQJ WKHKRUL]RQWDO D[LV7KHGDVKHGKRUL]RQWDO OLQHPDUNV WKH WUXHSRSXODWLRQ
YDOXHRIWKHUDWLR W FE E  DQGWKHER[SORWVDUHEXLOWIURPWKHHVWLPDWHVREWDLQHGIURP
WKHUHSHWLWLRQVRIWKH0RQWH&DUORH[SHULPHQW7KHEROGKRUL]RQWDOOLQHRQHDFKER[SORW
FRUUHVSRQGV WR WKHPHGLDQRI WKHHPSLULFDO VDPSOLQJGLVWULEXWLRQ DQG WKH JUH\GLDPRQG
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ? ?

PDUNV WKH UHVSHFWLYH VDPSOH PHDQ7KH XSSHU DQG ORZHU ER[ VKRZV WKH  DQG
SHUFHQWLOHDQGWKHZKLVNHUVDUHOLPLWHGE\WLPHVWKHLQWHUTXDUWLOHUDQJH

7DEOH5HVXOWVIRU0RQWH&DUOR([SHULPHQWV
 &DVH &DVH &DVH &DVH
0RGHO %LDV SYDOXH WLPHVHF //
DGMߩଶ %LDV SYDOXH WLPHVHF // DGMߩଶ %LDV SYDOXH WLPHVHF // DGMߩଶ %LDV SYDOXH WLPHVHF // DGMߩଶ
53                    
5363                    
5363ı                    
5363ȝ                    
5363ȝı                    
5363B&)                    
5363B&)ȝ                    
5363B&)ȝı                    
7	:                    
7	:ȡ                    
7	:ȡı                    

&RQVLGHUILUVWWKH53PRGHO7KHUHVXOWVDUHWKHVDPHIRUWKHIRXUFDVHVDQDO\VHGDV
WKH 53 GDWD UHPDLQV WKH VDPH (QGRJHQHLW\ LV QRW SUHVHQW LQ WKLV FDVH DQG WKHUHIRUH WKH
SRSXODWLRQSDUDPHWHUVZHUHSURSHUO\UHFRYHUHGVKRZLQJSHUFHQWHPSLULFDOILQLWHVDPSOHELDV
RI  DQG SYDOXHV RI  (VWLPDWLRQ WLPH ZDV EHORZ KDOI D VHFRQG 1RWH DOVR WKDW
FRPSDUHGWRWKHRWKHUPRGHOVWKHORJOLNHOLKRRG//LVWLPHVVPDOOHUJLYHQWKHVPDOOHU
VDPSOHVL]H)RUWKHVDPHUHDVRQWKHER[SORWRIWKLVPRGHOWHQGVWREHWKLFNHUWKDQRWKHU
PRGHOVWKDWVXFFHVVIXOO\DGGUHVVWKHHQGRJHQHLW\SUREOHPXVLQJWKH63RII53GDWD
0RGHO  WKH 5363 PRGHO ZLWKRXW FRUUHFWLRQ IRU HQGRJHQHLW\ LQVWHDG VKRZV D
VLJQLILFDQWSHUFHQWELDVDQGFORVHWR]HURSYDOXHVIRU&DVHVDQGZKHUHWKHHQGRJHQHLW\
SUREOHPGXHWRWKHWUDQVIHURIWKH53HUURUPDQLIHVWVLWVHOILQGLIIHUHQWIRUPV,QVWHDGIRU
&DVH  ZKHUH HQGRJHQHLW\ LV QRW SUHVHQW WKH 5363 PRGHO GRHV UHFRYHU WKH SRSXODWLRQ
SDUDPHWHUVFRUUHFWO\7KHVDPHFRQFOXVLRQVDUHJDWKHUHGIURPWKHER[SORWVGHSLFWHGLQ)LJXUH
 (VWLPDWLRQ WLPHV IRU WKH 5363 PRGHO DUH EHORZ RQH VHFRQG FRQVLGHUDEO\ OHVV WKDQ
7	:¶VHVWLPDWLRQVEHFDXVHLWGRHVQRWLQYROYHVLPXODWLRQ
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ? ?



)LJXUH%R[SORWRI0HWKRGVWR&RUUHFWIRU(QGRJHQHLW\LQ63RII53'DWD

&RQVLGHUQRZ0RGHO5363ıZKHUHDQHUURUFRPSRQHQWLVDGGHGWRWKH5363
PRGHOWRDFFRXQWIRUWKHFRUUHODWLRQEHWZHHQWKH63FKRLFHWDVNVGXHWRDSRWHQWLDOUDQGRP
HIIHFW)RU&DVHVDQGWKHHQGRJHQHLW\SUREOHPUHPDLQVZLWKODUJHSHUFHQWELDVDQG
VPDOO SYDOXHV +RZHYHU WKH PRGHO ILW GRHV LPSURYH VLJQLILFDQWO\ HJ DGM ȡ LV DOPRVW
GRXEOHGIRUDOOFDVHVVLQFHWKLVPRGHOLVFDSWXULQJDFRUUHODWLRQEHWZHHQWKH63FKRLFHWDVNV
WKDWUHDOO\H[LVWVLQWURGXFHGWKURXJKߛଵDQGRUߛଷLQ(T)RU&DVHZKHUHHQGRJHQHLW\ZDVQRWSUHVHQWWKLVPRGHOUHFRYHUVWKHSRSXODWLRQSDUDPHWHUVZKLOHDOVRDFKLHYLQJDEHWWHU
ILWWKDQWKH5363FRQVLGHULQJWKHPHDQDGMȡE\REVHUYDWLRQ7KHVDPHFRQFOXVLRQVDUH
JDWKHUHG IURP WKHER[SORWVGHSLFWHG LQ )LJXUH )LQDOO\ LW FDQEHQRWHG WKDW GXH WR WKH
VLPXODWLRQ QHHGHG WR DFFRXQW IRU WKH HUURU FRPSRQHQW HVWLPDWLRQ WLPH LQFUHDVHV
VLJQLILFDQWO\JRLQJQRZXSWRDOPRVWRQHPLQXWH
)RUPRGHO5363ȝWKHUHVXOWVDUHVLPLODU(QGRJHQHLW\UHPDLQVIRU&DVHVDQG
 EXW LV QRW SUHVHQW LQ &DVH  (VWLPDWLRQ WLPH LV DJDLQ FORVH WR RQH VHFRQG VLQFH QR
VLPXODWLRQLVQHHGHGDQGFRPSDUHGWR5363WKHILWLPSURYHVIRU&DVHZHUHDFKDQJHRI
VFDOHGRHVH[LVWEXWWKLVDGYDQWDJHGLVDSSHDUVIRU&DVHZKHUHWKHUHLVQRHQGRJHQHLW\DQG
WKH53DQG63VFDOHVDUHWKHVDPHEHFDXVHLQERWKWKH53DQGWKH63PRGHOVWKHHUURUWHUP

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
LVVWDQGDUGQRUPDO7KHVPDOOUHGXFWLRQRIELDVDQGLQFUHDVHLQILWRYHUWKH5363PRGHOIRU
FDVHVDQGFRXOGEHH[SODLQHGE\WKHFRQIRXQGLQJHIIHFWRIWKHHQGRJHQHLW\WKDWLVSUHVHQW
LQWKRVHFDVHV7KHVDPHFRQFOXVLRQVDUHJDWKHUHGIURPWKHER[SORWVGHSLFWHGLQ)LJXUH
5HVXOWVIRUPRGHO5363ȝıDUHTXDOLWDWLYHO\WKHVDPHRIWKRVHRIPRGHO5363ı
VKRZLQJDODUJHSHUFHQWELDVDQGVPDOOSYDOXHIRUFDVHVDQGZKHUHHQGRJHQHLW\H[LVWV
DQGVPDOOSHUFHQWELDVDQGODUJHSYDOXHVIRUFDVHZKHUHHQGRJHQHLW\LVQRWSUHVHQW0RGHO
ILWLVVLJQLILFDQWO\EHWWHUWKDQWKDWRIPRGHO5363DVWKHPRGHODFFRXQWVIRUDWUXHFRUUHODWLRQ
EHWZHHQWKH63FKRLFHWDVNV7KHVDPHFRQFOXVLRQVDUHJDWKHUHGIURPWKHER[SORWVGHSLFWHG
LQ)LJXUH
&RQVLGHU QRZ WKH PRGHOV HVWLPDWHG XVLQJ WKH WKUHH YDULDWLRQV RI WKH &) PHWKRG
SURSRVHGLQWKLVSDSHUWRFRUUHFWIRUHQGRJHQHLW\LQ63RII53GDWD5363B&)5363B&)ȝ
DQG5363B&)ȝı,WFDQEHQRWHGWKDWIRUDOOFDVHVWKHSRSXODWLRQSDUDPHWHUVZHUHSURSHUO\
UHFRYHUHGVKRZLQJVPDOOSHUFHQWELDVDQGODUJHSYDOXH7KHVDPHFRQFOXVLRQVDUHJDWKHUHG
IURPWKHER[SORWVGHSLFWHGLQ)LJXUH7KHSURSRVHGPHWKRGVXFFHHGHGLQFRUUHFWLQJWKH
HQGRJHQHLW\WKDWZDVSUHVHQWLQFDVHVDQGDQGZRUNHGZHOODOVRIRU&DVHZKHUH
HQGRJHQHLW\ ZDVQRWSUHVHQW )RU5363B&)ȝ WKH ILW LPSURYHGRQO\ IRU&DVH WKHRQO\
VLWXDWLRQZKHUHDFKDQJHRIVFDOHZDVLQGHHGSUHVHQW%HVLGHV5363B&)ȝıGLGLPSURYHWKH
ILW LQ DOO FDVHV EHFDXVH RI WKH H[LVWHQFH RI FRUUHODWLRQ DPRQJ 63 FKRLFH WDVNV GXH WR WKH
UDQGRP HIIHFW
63
MQH  DQGRU WR WKH WUDQVIHUUHG 53 HUURU
53
MQH  DQG WKH HVWLPDWLRQ WLPH ZDV
VLJQLILFDQWO\ODUJHUGXHWRWKHQHHGRIVLPXODWLRQ
&RQVLGHUILQDOO\WKHPRGHOVHVWLPDWHGXVLQJWKHWKUHHYDULDWLRQVRI7	:PHWKRGWR
FRUUHFWIRUHQGRJHQHLW\LQ63RII53GDWD7	:7	:ȡDQG7	:ȡı
7KHILUVWQRWDEOHUHVXOWLVWKDW7	:VROYHVWKHHQGRJHQHLW\SUREOHPIRUFDVHVDQG
EXWIDLOVWRFRUUHFWIRUHQGRJHQHLW\LQ&DVHDQGPRUHWURXEOLQJSURGXFHVLQFRQVLVWHQW
HVWLPDWRUV LQ &DVH  D VLWXDWLRQ ZKHUH HQGRJHQHLW\ ZDV QRW SUHVHQW 6RPHWKLQJ VLPLODU
RFFXUVIRU7	:ȡZKLFKIDLOVIRUFDVHVDQGZLWKWKHVPDOOGLIIHUHQFHWKDW WKLVPRGHO
LPSOLHGDQLPSURYHPHQWLQILWRYHU7	:IRUFDVHVDQGZKHUHWKH53HUURUZDVLQGHHG
QRW IXOO\ WUDQVIHUUHG 7KH UHDVRQ EHKLQG WKLV UHVXOW LV WKDW 7	: DQG 7	:ȡ DUH ),0/
DSSURDFKHV WKDW QHJOHFW WKH IDFW WKDW LQ FDVHV  DQG  WKHUH LV DQ H[RJHQRXV VRXUFH RI
FRUUHODWLRQDPRQJ WKH63FKRLFHV  63MQH DQGWKDWFRUUHODWLRQDFURVV WKH63VFHQDULRV QRW
UHODWHGWRWKH53VFHQDULRLVFRQIRXQGHGZLWKWKHWUDQVIHUUHG53HUURUWKDWLVVKDUHGDFURVV
63FKRLFHV7KLVPDNHVWKHPRGHOIDLOWRFRUUHFWIRUHQGRJHQHLW\LQ&DVHDQGWRLPSO\WKH
SUHVHQFHRIQRQH[LVWHQWHQGRJHQHLW\LQ&DVH)RUFDVHVDQGZKHQ7	:DQG7	:ȡ
ZRUNZHOOWKHILWRIWKHVH),0,/PRGHOVLVEHWWHUWKDQWKDWRIWKH/,0/PRGHO5363B&)
EXWWKHGLIIHUHQFHLQILWDOPRVWGLVDSSHDUVZKHQWKHFRUUHODWLRQDPRQJ63FKRLFHVDQGVFDOH
GLIIHUHQFHLVDFFRXQWHGIRULQWKH5363B&)ȝıPRGHO7KH&)FRUUHFWLRQPHWKRGVRIFRXUVH
KDVWKHPRUHLPSRUWDQWDGYDQWDJHRIEHLQJPRUHUREXVWVLQFHLWVWLOOVXFFHHGVLQWKHFRUUHFWLRQ
RIHQGRJHQHLW\IRUFDVHVDQGZLWKWKHDGGLWLRQRIEHLQJHDVLHUWRDSSO\DQGVLJQLILFDQWO\
IDVWHUWRHVWLPDWH
7KH IDFW WKDW WKH IDLOXUH RI 7	: DQG 7	:ȡ IRU FDVHV  DQG  LV GXH WR WKH
FRQIRXQGLQJHIIHFWEHWZHHQWKH53HUURUDQGWKHUDQGRPHIIHFWHUURUWKDWLVVKDUHGE\WKH63
FKRLFHV LV FRQILUPHG E\ WKH VXFFHVV RI WKH PRGHO 7	:ȡı ,Q WKLV FDVH WKDQNV WR WKH
H[RJHQRXVHUURUFRPSRQHQWEHLQJFRQVLGHUHGERWKHIIHFWVFDQEHSURSHUO\GLVHQWDQJOHGWR
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
REWDLQFRQVLVWHQWHVWLPDWHVRIWKHPRGHOSDUDPHWHUVZLWKODUJHSYDOXHVDQGVPDOOSHUFHQW
HUURUVIRUDOOIRXUFDVHV7KHVDPHFRQFOXVLRQVDUHJDWKHUHGIURPWKHER[SORWVGHSLFWHGLQ
)LJXUH  ZKHUH LW FDQ EH QRWHG WKDW IRU FDVHV  DQG  RQO\ 7	:ȡı DPRQJ WKH 7	:
FRUUHFWLRQVKDVDER[SORWFOHDUO\FHQWUHGRQWKHSRSXODWLRQYDOXH
6XPPDUL]LQJ WKH0RQWH&DUORH[SHULPHQWVVKRZWKDW WKHSURSRVHG&)PHWKRG WR
FRUUHFWIRUHQGRJHQHLW\LQ63RII53GDWDLVUREXVWWRWKHIRXUFDVHVDQDO\VHG2QWKHRWKHU
KDQG WKH 7	: DSSURDFK ZLWKRXW DGGLWLRQDO 63 VSHFLILF HUURU WHUPV IDLOV WR FRUUHFW WKH
HQGRJHQHLW\SUREOHPZKHQLWLVFRQIRXQGHGZLWKH[RJHQRXVVRXUFHVRIFRUUHODWLRQDPRQJ
WKH63FKRLFHVDSUREOHPWKDWPD\UHVXOWLQLQFRQVLVWHQWHVWLPDWRUVHYHQIRUFDVHVLQZKLFK
HQGRJHQHLW\ZDVQRWSUHVHQW2QWKHRWKHUKDQGZKHQWKH7	:DSSURDFKZRUNVLWLVPRUH
HIILFLHQWWKDQWKHSURSRVHG&)PHWKRG7KHVHUHVXOWVLOOXVWUDWHDWUDGHRIIEHWZHHQWKH),0/
DQG/,0/HVWLPDWRUVZLWKWKHIRUPHUEHLQJPRUHHIILFLHQWEXWWKHODWWHUPRUHUREXVWWRWKH
GDWDJHQHUDWLRQDVVXPSWLRQV

$33/,&$7,21:,7+5($/'$7$

)RUWKHDQDO\VLVZLWKUHDOGDWDZHUHYLVLWWKHIUHLJKWFKRLFHH[SHULPHQWSUHVHQWHGE\7UDLQ
DQG:LOVRQ7KLVGDWDVHWFRQWDLQVDYHU\VPDOOVDPSOHSRWHQWLDOO\FRQWULEXWLQJWR
QXPHURXV LVVXHV ZLWK ORZ SDUDPHWHU VLJQLILFDQFH EXW ZH UHXVH LW KHUH WR HQDEOH XV WR
FRPSDUHRXUUHVXOWVZLWKWKHRULJLQDO7	:ZRUN2XUDQDO\VLVRQUHDOGDWDKDVWKUHHVSHFLILF
DLPVQDPHO\
D WRLOOXVWUDWHWKHDSSOLFDWLRQRIWKHSURSRVHG&)PHWKRGWRWKHVDPHSUREOHPDVXVHG
SUHYLRXVO\ZLWKWKH),0/DSSURDFKRI7	:
E WRFRPSDUHSHUIRUPDQFHLQWHUPVRIFRPSXWDWLRQDOFRVWHIILFLHQF\DQGFRQVLVWHQF\
DQG
F WRHVWDEOLVKWKHSRWHQWLDOLPSDFWRQERWKDSSURDFKHVRI63VSHFLILFFRUUHODWLRQVDFURVV
FKRLFHVLQDUHDOGDWDVHW

7KHGDWDVHWORRNVDWDJULFXOWXUDOVKLSSHUVLQWKH3DFLILF1RUZHVWIURPWKH:KLWPDQ
&RXQWU\ WR 3RUWODQG XVLQJ 63RII53 7KH GDWDVHW ORRNV DW  VKLSSHUV PDNLQJ WKH 53
FKRLFHRIURXWHEHWZHHQWKHIROORZLQJRSWLRQVHDFKRQHGHVFULEHGE\LWVUDWHLQGROODUVSHU
WRQWLPHLQGD\VDQGUHOLDELOLW\DVRIDUULYDORQWLPH

WUXFNWR3DVFRDQGEDUJHWR3RUWODQG
WUXFNWRDQRWKHUEDUJHSRUWDQGEDUJHWR3RUWODQG
UDLOWR3RUWODQG
WUXFNWRDUDLOWHUPLQDODQGUDLOWR3RUWODQG
EDUJHWR3RUWODQG
RWKHU

(DFKVKLSSHUZDVILUVWDVNHGWRGHFODUHWKHDOWHUQDWLYHVWKDWWKH\KDGDYDLODEOHDQGWKH
UDWHWUDQVLWWLPHDQGUHOLDELOLW\RIHDFKRIWKHP
$IWHUZDUGVWKHUHVSRQGHQWVIDFHGVHSDUDWH63H[SHULPHQWVHDFKFRQWDLQLQJWKHVDPH
VHWRIDOWHUQDWLYHVDVWKHLU53FKRLFH7KHILUVWIDFHGWKHPZLWKDVFHQDULRZKHUHWKHUDWHRI
  ?Ǥ
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WKHDOWHUQDWLYHWKH\FKRVHLQWKH53VHWWLQJZDVVKLIWHGE\;SHUFHQWKLJKHUZKHUH;ZDV
UDQGRPO\VHOHFWHG IURPDQG7KHVHFRQGDQG WKLUG63 WDVNVXVHGD
VLPLODUVFKHPHIRULQFUHDVHVRIWUDQVLWWLPHDQGGHFUHDVHVLQUHOLDELOLW\UHVSHFWLYHO\IRUWKH
53FKRVHQDOWHUQDWLYH(DFKWLPHFKDQJHVZHUHPDGHRQO\IRUWKHDOWHUQDWLYHWKDWZDVFKRVHQ
LQWKH53VHWWLQJ
7DEOHVXPPDUL]HVWKH01/HVWLPDWLRQUHVXOWVRIWKH53H[SHULPHQWIROORZHGE\
VHSDUDWHUHVXOWVIRUHDFK63H[SHULPHQWDQGWKHUHVXOWVIRUWKHSRROHGVDPSOHRIWKH53DQG
WKH 63 H[SHULPHQWV DFFRXQWLQJ IRU WKH WUDGLWLRQDO 5363 VFDOH FKDQJH EXW QRW IRU
HQGRJHQHLW\,QOLQHZLWK7	:ZHUHSRUWWKHPHDQORJOLNHOLKRRG//SHUREVHUYDWLRQEXW
LQDGGLWLRQWKHDGMߩଶWRDFFRXQWIRUWKHQXPEHURISDUDPHWHUVDQGDLGFRPSDULVRQDFURVV
PRGHOV,QDOOPRGHOVZHXVHDOWHUQDWLYHDVWKHEDVHDOWHUQDWLYHZLWKLWV$6&QRUPDOL]HG
WR]HUR
 
7DEOH1R(QGRJHQHLW\&RUUHFWLRQ3RUWODQG63RII53)UHLJKW'DWD
 53 63&KDQJHUDWH 63&KDQJHWLPH 63&KDQJHUHOLD 3RROHG5363
 HVW UREW HVW UREW HVW UREW HVW UREW HVW UREW
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0HDQ//SHUREV       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
,QWKH0RQWH&DUORH[SHULPHQWVLQ6HFWLRQWKHWUXHYDOXHVIRUDOOSDUDPHWHUVZHUH
NQRZQWRXVDQGWKLVLVRIFRXUVHQRORQJHUWKHFDVHKHUH7KXVLQWKLVFDVHZHWDNHWKH53
UHVXOWVDVWKHEHQFKPDUNVDVVXPLQJWKH\GRQRWVXIIHUIURPHQGRJHQHLW\7KHDLPRIDGGLQJ
63GDWDWR53GDWDLQVXFKDFRQWH[WLVRIFRXUVHWKHQWRQRWFKDQJHWKHSDUDPHWHUVDZD\IURP
WKH 53 HVWLPDWRUV ZKLFK DUH FRQVLVWHQW EXW WR LPSURYH HIILFLHQF\ E\ DGGLQJ DGGLWLRQDO
REVHUYDWLRQV DQGRU WR IDFLOLWDWH HPSLULFDO LGHQWLILFDWLRQ E\ DGGLQJ YDULDQFH WR WKH PRGHO
DWWULEXWHV
)RU WKH 53 GDWD ZH VHH D QHJDWLYH HVWLPDWH IRU UDWH DQG WLPH ZKHUH QHLWKHU LV
VWDWLVWLFDOO\ VLJQLILFDQW DW XVXDO OHYHOV RI FRQILGHQFH DORQJ ZLWK D SRVLWLYH HVWLPDWH IRU
UHOLDELOLW\%HFDXVHRIWKHVPDOOVDPSOHVL]HZHVHHQXPHURXVSUREOHPVZLWKVLJQLILFDQFHLQ
WKHVHSDUDWHPRGHOVIRUWKHWKUHH63GDWDVHWV7KHMRLQWO\HVWLPDWHG5363PRGHOSHUIRUPV
EHWWHUDOEHLWWKDWWKHFRHIILFLHQWVIRUUDWHDQGWLPHDUHVWLOOQRWVLJQLILFDQWO\GLIIHUHQWIURP
]HURDWXVXDOOHYHOVRIFRQILGHQFH7KHPRGHODOVRLQGLFDWHVDORZHUVFDOHIRUWKH63GDWD
ZLWK 63P 7KHILQGLQJVRQWKHSRROHG5363GDWDVKRZWKDWFKDQJHVLQWKHHVWLPDWHV
FRPSDUHGWR53DUHQRWFRQVLVWHQWDFURVVSDUDPHWHUVEXWWKH\RYHUDOOUHPDLQLQOLQHZLWK
  ?ǲǳȋǤǤǡ ? ? ? ?ǡ ?Ǥ ?Ȍ
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
WKH53HVWLPDWHVZKLFKDUHFRQVLVWHQWZKLOHDFURVVDOOWKUHHPDUJLQDOXWLOLW\SDUDPHWHUV
ZHVHHLQFUHDVHVLQVLJQLILFDQFHZKLFKLVWKHPDLQEHQHILWRIDGGLQJWKH63GDWD
:HQH[WSURFHHGZLWKDGLVFXVVLRQRIWKHUHVXOWVXVLQJWKH),0/FRUUHFWLRQZKHUH
ZHDGGILYHPRGHOVEH\RQGWKRVHUHSRUWHGE\7	:7KHVHPRGHOVDOOHVWLPDWHߩIROORZLQJ
YDQ&UDQHQEXUJKHWDOZKHUHZHGRWKLVIRUERWKWKHRYHUDOOVDPSOHDQGIRUWKUHH
PRGHOVFRPELQLQJ WKH53GDWDZLWKRQHRI WKH63GDWDVHWVDWD WLPH)LQDOO\ZH LQFOXGH
DQRWKHUPRGHO DGGLQJDQHUURU WHUP WRFDSWXUHFRUUHODWLRQDFURVV WKH63FKRLFHVGXH WRD
UDQGRPHIIHFW7	:ȡı
7KHUHVXOWVRIWKHVHYDULRXVPRGHOVDUHUHSRUWHGLQ7DEOH:HVHHWKDWHDFKRIWKH
WKUHHSRROHGPRGHOVSURGXFHVEHWWHUILWWKDQWKHSRROHGPRGHOLQ7DEOH7KLVLVLQLWVHOIQRW
VXUSULVLQJ DV WKH 7	: PRGHOV FDSWXUH FRUUHODWLRQ DFURVV WKH LQGLYLGXDO FKRLFHV :KDW
UHPDLQVWREHDQVZHUHGLVZKHWKHUWKLVLVGXHWRFDSWXULQJHQGRJHQHLW\RURWKHUFRUUHODWLRQ
DSRLQWZHORRNDWLQGHWDLO
:HEHJLQE\ORRNLQJDWWKHWKUHHPRGHOVHVWLPDWHGXVLQJGDWDIURPRQO\RQHRIWKH
WKUHH63H[SHULPHQWVDORQJVLGH53EXWHVWLPDWLQJWKHߩHUURUWUDQVIHUSDUDPHWHU:LWKWKH
),0/DSSURDFKWKHPRGHOVDUHMRLQWO\HVWLPDWHGRQWKH53DQG63GDWDDQGDVDUHVXOWZH
VHHDQLQFUHDVHLQWKHQXPEHURIREVHUYDWLRQVSHULQGLYLGXDODQGWKHQLQWKHVDPSOHVL]H
FRPSDUHG ZLWK 7DEOH  :H DOVR VHH LPSURYHPHQWV LQ WKH SHU REVHUYDWLRQ // D SDWWHUQ
UHSHDWHGLQWKHDGMXVWHGߩଶPHDVXUHUHIOHFWLQJWKHIDFWWKDWWKH53FKRLFHVKDGEHWWHUILWWKDQ
WKH63RQHV)RUWKHVHLQGLYLGXDOPRGHOVWKHILQGLQJVIRUWKH63VFDOHDUHLQOLQHZLWKWKH
UHVXOWVRIWKHSRROHG5363PRGHOLQ7DEOHLHVKRZLQJORZHUVFDOHIRUWKH63GDWDWKDQ
WKH53GDWDDILQGLQJWKDWLVDOVRVXSSRUWHGE\DVLPSOHFRPSDULVRQRIWKHHVWLPDWHVIRUWKH
WKUHHVHSDUDWH63PRGHOVLQ7DEOHDQGWKH53PRGHO,QWKHFRQWH[WRIWKHSUHVHQWSDSHU
WKHPRVWLPSRUWDQWILQGLQJIURPWKHVHWKUHHVHSDUDWHPRGHOVLQ7DEOHUHODWHVWRWKHHVWLPDWH
IRUߩZKLFKLVQRWVLJQLILFDQWO\GLIIHUHQWIURPLQDQ\RIWKHPRGHOVWKXVQRWSURYLGLQJDQ\
HYLGHQFHRIHUURUWUDQVIHUIURPWKH53WRWKH63GDWD
:H QH[W PRYH WR WKH RULJLQDO 7	: PRGHO FROXPQ  7KLV PRGHO SURGXFHV D
VXEVWDQWLDOO\KLJKHUYDOXHRIWLPHWKDQWKH53PRGHOZKLFKZRXOGEHD WURXEOLQJILQGLQJ
VLQFH WKH 53 PRGHO LV VXSSRVHG WR SURGXFH FRQVLVWHQW HVWLPDWHV $GGLWLRQDOO\ DQG
FRQWUDGLFWLQJWKHILQGLQJVIURP7DEOHDVZHOODVWKH63VSHFLILFPRGHOVZHVHHWKDWWKH
HVWLPDWHIRUߤௌ௉LVODUJHUWKDQLPSO\LQJKLJKHUVFDOHIRU63WKDQ533DUWRIWKHLVVXHVDUHUHVROYHGE\WKHPRGHOZKLFKDGGLWLRQDOO\HVWLPDWHVߩFROXPQ:HVHHDUHGXFWLRQLQߤௌ௉ZKLFK LV QR ORQJHU VLJQLILFDQWO\ GLIIHUHQW IURP  ,Q DGGLWLRQ WKHYDOXH RI WLPH HVWLPDWH
PRYHVLQWKHGLUHFWLRQRIWKH53GDWD7KHPRGHOOHDGVWRDIXUWKHULPSURYHPHQWLQILWDQG
VXJJHVWV WKH SUHVHQFH RI VXEVWDQWLDO HUURU WUDQVIHU IURP WKH 53 GDWD WR WKH 63 GDWD ߩ LV
VLJQLILFDQWO\GLIIHUHQWIURPDQGODUJHUWKDQ
+RZHYHUZKHQPRYLQJWRRXUILQDOPRGHOLQZKLFKZHLQFOXGHWKHDGGLWLRQDOߪWHUP
WRFDSWXUH63VSHFLILFFRUUHODWLRQDFURVVWKH63FKRLFHWDVNVGXHWRDUDQGRPHIIHFWZHVHH
WKDW WKH HDUOLHU ILQGLQJV ZHUH LQIOXHQFHG E\ WKH SUHVHQFH RI VXFK FRUUHODWLRQ OHDGLQJ WR
PLVJXLGHGLQWHUSUHWDWLRQ7KHILUVWREVHUYDWLRQLVWKDWWKLVQHZVSHFLILFDWLRQREWDLQVIXUWKHU
LPSURYHPHQWV LQ ILW RZLQJ WR WKH ODUJH DQG VLJQLILFDQW DGGLWLRQDO ߪ WHUPZKLFKFDSWXUHV
FRUUHODWLRQDFURVVWKH63VFHQDULRVDORQH0RUHLPSRUWDQWO\WKLVPRGHOEULQJVWKHYDOXHRI
WLPHHVWLPDWHYHU\FORVHWRWKH53YDOXHDQGVKRZVWKDWWKHHUURUWUDQVIHUSDUDPHWHUߩLV
QRWVLJQLILFDQWO\GLIIHUHQWIURP,QRWKHUZRUGVWKHUHLVFRUUHODWLRQEHWZHHQWKHLQGLYLGXDO
  ?		ȋ ?Ȍ	Ǥ
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
63WDVNVDQGDPRGHOQRWDOORZLQJIRUWKLVFRXOGPLVDWWULEXWHWKLVWRFRUUHODWLRQEHWZHHQWKH
53DQGWKH63GDWD7KLVVXJJHVWVWKDWWKHGDWDJHQHUDWLRQSURFHVVEHKLQGWKLVUHDOGDWDPD\
EHOLNH&DVHRIWKH0RQWH&DUORH[SHULPHQWVZKHUHHQGRJHQHLW\ZDVQRWRUPD\EHOLJKWO\
SUHVHQW EXW WKH XVH RI WKH 7	: DSSURDFK QHJOHFWLQJ SRWHQWLDO H[RJHQRXV VRXUFHV RI
FRUUHODWLRQEHWZHHQ63WDVNVGXHWRDUDQGRPHIIHFWPD\VXJJHVWWKHH[LVWHQFHRIHQGRJHQHLW\
LQWKHGDWD,QWKLVILQDOPRGHOZHVHHWKDWWKHVFDOHSDUDPHWHUߤௌ௉IRUWKH63GDWDLVORZHUWKDQLQWKHSUHYLRXVWZRPRGHOVDQGWKHILQGLQJWKDWLWUHPDLQVDERYHFDQEHH[SODLQHGE\
WKHIDFWWKDWDODUJHVKDUHRIWKH63VSHFLILFQRLVHLVQRZFDSWXUHGE\WKHDGGLWLRQDOHUURUWHUPߪZKHUH WKLVDOVRH[SODLQV WKH ILQGLQJRIߤௌ௉ ൐  ? LQ WKH WZRSUHYLRXVPRGHOV JLYHQ WKHDGGHGQRLVHWKURXJKߩ

7DEOH7	:(QGRJHQHLW\&RUUHFWLRQ3RUWODQG63RII53)UHLJKW'DWD
 53
53	63
&KDQJHUDWH
7	:
53	63
&KDQJHWLPH
7	:
53	63
&KDQJHUHOLD
7	:
3RROHG5363
7	:ZLWK U  
3RROHG5363
7	:ZLWK U 
3RROHG5363
7	:ZLWK U DQG
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
7DEOH  ILQDOO\ UHSRUWV WKH HVWLPDWLRQ UHVXOWV IRU WKH PRGHOV LQFRUSRUDWLQJ WKH &)
FRUUHFWLRQSURSRVHGLQWKLVSDSHU$VPHQWLRQHGEHIRUHWKH&)ZDVDSSOLHGLQWKLVFDVHXVLQJ
WKH0/&)DSSURDFKFRQVLGHULQJ WKH MRLQWHVWLPDWLRQRIERWKVWDJHV LQDVLQJOHPD[LPXP
OLNHOLKRRGSUREOHP7KLVDSSURDFKIDFLOLWDWHVWKHFDOFXODWLRQRIWKHVWDQGDUGHUURUVDQGPDNHV
WKHEHVWRIDGDWDEDVHWKDWKDVYHU\IHZREVHUYDWLRQVDQGORZOHYHOVRIYDULDQFH
6LQFHLQWKHH[SHULPHQWRQO\RQHDWWULEXWHRI WKHFKRVHQDOWHUQDWLYH LVFKDQJHGIRU
HDFKRIWKHWKUHH63H[SHULPHQWVWKHFRUUHFWLRQIRUHQGRJHQHLW\ZLWKWKH&)PHWKRGLQWKLV
FDVHRQO\LQYROYHVWKHHVWLPDWLRQDQGWKHLQFOXVLRQRIWKHUHVSHFWLYHUHVLGXDORIWKHILUVWVWDJH
LQWRWKHPRGHO7KLVPHDQVIRUH[DPSOHWKDWIRU63ZKLFKFRQVLGHUHGDFKDQJHLQWKHUDWH
RIWKHFKRVHQDOWHUQDWLYHWKHIROORZLQJQRUPDOGHQVLW\PXVWEHDGGHGWRWKHOLNHOLKRRGRI
HDFKREVHUYDWLRQ
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ZKHUHWKHUHVLGXDO B
5DWH
L QG LVFDOFXODWHGDV
B B   B  B  B
5DWH 63 5DWH 5DWH 53 5DWH 53 5DWH 53
L Q L Q L Q L Q L Q5DWH 5DWH 7LPH 5HOLDG D D D D      


)LQDOO\WKHUHVLGXDO B
5DWH
L QG LVDGGHGDVDQDX[LOLDU\YDULDEOHWRWKH63DOWHUQDWLYHWKDW
ZDVFKRVHQLQWKH53VHWWLQJDOORZLQJWKHHVWLPDWLRQRIWKHSDUDPHWHUV     5DWH 5DWH 5DWH 5DWHD D D D
DQG 5DWHV ZKLFKDUHUHSRUWHGLQ7DEOH$QHTXLYDOHQWSURFHGXUHLVIROORZHGZLWK6363
DQGWKHSRROHGGDWDPRGHOV
:HEHJLQE\WKUHHPRGHOVHVWLPDWHGRQGDWDFRPELQLQJWKH53REVHUYDWLRQVZLWKWKH
REVHUYDWLRQVIURPMXVWRQHRIWKHWKUHH63JDPHVZKHUHZHVHHWKDWWKHPRGHOILWVDUHEURDGO\
LQOLQHZLWKWKRVHIURPWKH),0/PRGHOVLQ7DEOH:HQH[WWXUQWRWKHFRHIILFLHQWVRIWKH
UHVLGXDOV FRVWT   WLPHT DQG UHOLDT $VQRWHGE\5LYHUVDQG9XRQJ WKHVLJQLILFDQFHRI
WKHVHFRHIILFLHQWVLQWKH&)FRUUHFWLRQFDQEHXVHGDVDWHVWIRUWKHH[LVWHQFHRIHQGRJHQHLW\
ZKLFKLQWKLVFDVHPHDQVDWHVWIRUWKHWUDQVIHURIWKH53HUURUWRWKH63H[SHULPHQW)RUWKH
ILUVW WZR 63 H[SHULPHQWV WKH FRHIILFLHQW RI WKH UHVLGXDOV WFRVÖT  DQG WLPHTÖ DUH VLJQLILFDQWO\
GLIIHUHQWIURP]HURDURXQGWKHOHYHORIFRQILGHQFHZKHUHVXFKORZHUYDOXHVFRXOGEH
DFFHSWHGLQVSHFLILFDWLRQWHVWVRIWKLVNLQG,QDQ\FDVHWKLVVXJJHVWVWKDWWKHHQGRJHQHLW\
SUREOHPPD\QRWEHWRRVHYHUHLQWKLVGDWDDQGRUWKDWLWLVPDVNHGLQWKHSRRUYDULDELOLW\DQG
VPDOOVDPSOHVL]HDYDLODEOHLQWKLVFDVH UHOLDT IRU63LVFOHDUO\QRWVLJQLILFDQWDILQGLQJWKDW
FDQ EH DWWULEXWHG WR DQ DEVHQFH RI HQGRJHQHLW\ RU WR WKH SRRU TXDOLW\ RI WKH GDWD 7KHVH
ILQGLQJVDUHLQOLQHZLWKWKHORZVWDWLVWLFDOVLJQLILFDQFHRIߩLQWKHWKUHHVHSDUDWHPRGHOVLQ
7DEOHDQGH[SODLQWKHVLPLODULW\LQILWZLWKWKRVHPRGHOV$FURVVDOOWKUHHPRGHOVWKHYDOXH
RIWLPHPHDVXUHLVEURDGO\LQOLQHZLWKWKH53UHVXOWLQDQ\FDVHPRUHVRWKDQWKHUHVXOWVIRU
WKH),0/DSSURDFKLQ7DEOH
7KHPRUHLQWHUHVWLQJUHVXOWVDULVHZKHQORRNLQJDWWKHILQDOWZRPRGHOVLQ7DEOH
:KHQZHFRPSDUHWKHSRROHG5363PRGHOZLWK&)FRUUHFWLRQSHQXOWLPDWHPRGHOLQ7DEOH
WRHLWKHURIWKHWZRVLPSOH7	:PRGHOVLQ7DEOHWKLUGWRODVWDQGVHFRQGODVWZHVHH
PXFK ORZHUPRGHO ILW IRU WKH&)PRGHOV+RZHYHU WKHYDOXHRI WLPHPHDVXUH LQ WKH&)
PRGHOLVPXFKFORVHUWRWKH53UHVXOWVWKDQWKHRQHVREWDLQHGZLWKWKH),0/DSSURDFK7KH
&) PRGHOV GR VWLOO KLJKOLJKW WKH SUHVHQFH RI VRPH HQGRJHQHLW\ EXW WKLV LV PXFK OHVV
SURQRXQFHGWKDQZLWKWKH),0/PHWKRG)XUWKHUHYLGHQFHWKDWWKHVH),0/UHVXOWVZHUHQRW
UHOLDEOHFRPHV IURPWKH ILQDO&)PRGHOZKLFK LQFRUSRUDWHV WKHDGGLWLRQDOߪSDUDPHWHU WR
FDSWXUHFRUUHODWLRQDFURVVWKH63FKRLFHV:HVHHWKDWWKLVPRGHOREWDLQVDPRGHOILWWKDWLV
MXVWDVJRRGDVWKHILQDO),0/PRGHOLQ7DEOHZKLOHVWLOOKLJKOLJKWLQJWKHSUHVHQFHRIVRPH
HQGRJHQHLW\LQWKH63JDPH7KHYDOXHRIWLPHLVDJDLQLQOLQHZLWKWKH53UHVXOWV7KLV
VXJJHVWVWKDWWKHILWDGYDQWDJHVIRUWKHWKLUGWRODVWDQGVHFRQGWRODVW),0/PRGHORYHUWKH
&)PRGHOZLWKRXWWKHDGGLWLRQDOHUURUWHUPZHUHDUHVXOWRIFDSWXULQJFRUUHODWLRQDFURVV63
FKRLFHVUDWKHUWKDQDQ\DELOLW\WRFDSWXUHHQGRJHQHLW\
/HWXVQRZUHWXUQWRWKHWKUHHREMHFWLYHVVHWRXWDWWKHVWDUWRIWKLVVHFWLRQ:HKDYH
FOHDUO\ VHHQ WKDW WKH SURSRVHG &) PHWKRG FDQ EH DSSOLHG WR WKH VDPH SUREOHP DV XVHG
SUHYLRXVO\ZLWKWKH),0/DSSURDFKRI7	:7KLVFDQEHGRQHDW UHGXFHGFRPSXWDWLRQDO
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ? ?

FRVWZKLOHSURGXFLQJUHVXOWVWKDWDUHFRQVLVWHQWDQGZLWKQRDSSDUHQWGURSLQHIILFLHQF\0RVW
LPSRUWDQWO\ WKH PHWKRG VHHPV WR EH PRUH UREXVW LQ WHUPV RI DYRLGLQJ PLVDWWULEXWLQJ
HQGRJHQHLW\ WR RWKHU VRXUFHV RI FRUUHODWLRQV WKDW PD\ H[LVW EHWZHHQ WKH YDULRXV 63
REVHUYDWLRQV

7DEOH&)(QGRJHQHLW\&RUUHFWLRQ3RUWODQG63RII53)UHLJKW'DWD
 53 53	63&KDQJHUDWH&)
53	63&KDQJHWLPH
&)
53	63&KDQJHUHOLD
&)
53	3RROHG5363
&)
53	3RROHG5363
&)DGGLWLRQDOߪ
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&21&/86,216
6WDWHG3UHIHUHQFH63GDWDDOORZVDQDO\VWV WR VWXG\FKRLFHV LQDFRQWUROOHGH[SHULPHQWDO
HQYLURQPHQW DQGDW ORZFRVWEXW VXIIHUV IURPFRJQLWLYHGLVVRQDQFH RUK\SRWKHWLFDO ELDV
EHWZHHQWKHVWDWHGDQGWKHDFWXDOFKRLFHEHKDYLRXU7ROHVVHQWKLVGUDZEDFNLWLVFRPPRQ
SUDFWLFH WR EXLOG 63 DWWULEXWHV DQG DOWHUQDWLYHV IURP REVHUYHG 5HYHDOHG 3UHIHUHQFH 53
FKRLFHV)RUH[DPSOHLQ63RII53GDWDWKHFKRVHQ53DOWHUQDWLYHLVZRUVHQHGDQGRWKHU
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ? ?

DOWHUQDWLYHVDUHLPSURYHGWRLQGXFHDFKDQJHLQEHKDYLRXU7KLVSUDFWLFHPD\LQFUHDVHWKH
UHDOLVPRI WKH FKRLFH WDVN FRPSDUHG WR63VHWWLQJV WKDW LJQRUH WKH53GDWDEXWZLWK WKH
XQGHVLUHGFRVWRILQWURGXFLQJHQGRJHQHLW\7KLVVRXUFHRIHQGRJHQHLW\ZDVODUJHO\QHJOHFWHG
LQWKHOLWHUDWXUHDQGLQSUDFWLFHXQWLO7UDLQDQG:LOVRQSURSRVHGD),0/VROXWLRQWKDW
FDQEHLPSOHPHQWHGZLWKVLPXODWLRQ
,QWKLVDUWLFOHZHSURSRVHD/,0/DSSURDFKWRDGGUHVVWKH63RII53HQGRJHQHLW\
SUREOHP E\ XVLQJ D PHWKRG WKDW GRHV QRW QHHG VLPXODWLRQ FDQ EH DSSOLHG ZLWK VWDQGDUG
VRIWZDUHDQGXVHVGDWDWKDWLVDOUHDG\DYDLODEOHIRUWKHVWDWHGSUREOHP7KHSURSRVHGPHWKRG
LVDQDSSOLFDWLRQRIWKHFRQWUROIXQFWLRQ&)PHWKRGWRFRUUHFWIRUHQGRJHQHLW\LQGLVFUHWH
FKRLFHPRGHOVXVLQJWKH53DWWULEXWHVDVLQVWUXPHQWDOYDULDEOHV
:HGLVFXVVWKHWKHRUHWLFDODQGSUDFWLFDODGYDQWDJHVDQGGLVDGYDQWDJHVRIWKH&)DQG
7	:PHWKRGVDQGLOOXVWUDWHWKHPXVLQJ0RQWH&DUORDQGUHDOGDWD5HVXOWVVKRZWKDWERWK
PHWKRGVFDQVXFFHVVIXOO\DGGUHVVWKHHQGRJHQHLW\SUREOHPVWKDWDULVHIURPWKHXVHRI63
RII53GDWDZKHQWKHRQO\VRXUFHRIFRUUHODWLRQLQWKHGDWDLVDFURVVERWK53DQG63FKRLFHV
LH LIWKHUHLVQRUDQGRPHIIHFWH[RJHQRXVHUURUVVKDUHGRQO\DPRQJWKH63FKRLFHWDVNV
:KHQVXFK63VSHFLILFHUURUH[LVWVWKH&)FRQWLQXHVWRZRUNEXWWKH7	:DSSURDFKIDLOVWR
SURSHUO\DGGUHVVWKHHQGRJHQHLW\SUREOHPDQGPD\HYHQVKRZWKHSUHVHQFHRIHQGRJHQHLW\
LQWKHGDWDZKHQWKLVLVQRWWKHFDVH7KHUHDVRQEHKLQGWKHIDLOXUHRIWKH7	:DSSURDFKOLHV
LQWKHIDFWWKDWLWLVD),0/DSSURDFKWKDWXVHVDQLQFRUUHFWVSHFLILFDWLRQIRUWKHOLNHOLKRRG
ZKHQVRPHRIWKHFRUUHODWLRQLVRQO\DFURVVWKH63FKRLFHV$VVKRZQE\WKH0RQWH&DUOR
H[SHULPHQWVDQGUHDOGDWDDSSOLFDWLRQWKLVSUREOHPFDQEHVROYHGHJE\DGGLQJDQHUURU
FRPSRQHQW WHUP WRGLVHQWDQJOH WKHHQGRJHQRXV DQG WKHH[RJHQRXVSDUW RI WKHFRUUHODWLRQ
EHWZHHQWKHFKRLFHWDVNV
2Q WKH RWKHU KDQG WKH SURSRVHG &) PHWKRG LV PRUH UREXVW WR WKH PRGHOOLQJ
DVVXPSWLRQVFRQVLGHUHGVXFFHHGLQJLQFRUUHFWLQJWKHHQGRJHQHLW\SUREOHPIRUDOOWKHFDVHV
DQDO\VHG DQG QRW FDXVLQJ IXUWKHU SUREOHPV ZKHQ HQGRJHQHLW\ ZDV QRW SUHVHQW 7KH &)
PHWKRG KDV WKH DGGLWLRQDO DGYDQWDJH RI EHLQJ VLJQLILFDQWO\ HDVLHU WR LPSOHPHQW DQG OHVV
RQHURXVIURPDFRPSXWDWLRQDOSHUVSHFWLYH7KHFDYHDWLVRIFRXUVHWKDWWKHZKHQWKH7	:
PHWKRGZRUNVLWSURYHGWREHPRUHHIILFLHQWDWOHDVWZLWKWKH0RQWH&DUORGDWDZKLFKFRXOG
PDWWHUZKHQWKHGDWDDYDLODEOHLVRIORZTXDOLW\$OOHOVHEHLQJHTXDOWKH),0/DSSURDFK
ZLOOILWEHWWHUDVLWFDSWXUHVFRUUHODWLRQDFURVVFKRLFHVZKHUHWKLVFDQEHDGGUHVVHGE\DGGLQJ
DQHUURUFRPSRQHQW WR WKH&)PHWKRGRIFRXUVHSDUWO\FRPSURPLVLQJ LWVVLPSOLFLW\2QH
DGGLWLRQDOREVHUYDWLRQWKDWFDQEHPDGHLVWKDWWKH&)DSSURDFKZLOORIFRXUVHZRUNEHVWLQ
WKRVHFDVHVZKHUHWKH53GDWDSURYLGHVVWURQJLQVWUXPHQWVIRUWKH63GDWD±WKLVZRXOGLPSO\
XVLQJSURSHUVKLIWVIURPWKH53GDWDWRHQVXUHWKDWWKHSRZHURIWKHLQVWUXPHQWVLVJXDUDQWHHG
7UDLQDQG:LOVRQRIIHUHGDPXFKQHHGHGVROXWLRQIRUDGGUHVVLQJHQGRJHQHLW\
LQ63RII53GDWD7KLV VHPLQDOZRUNKDVEHHQ ZLGHO\ FLWHGEXW UDUHO\ DSSOLHG DUJXDEO\
EHFDXVHRILWVYDULRXVSUDFWLFDOGLIILFXOWLHV$VDUHVXOW63RII53VXUYH\VKDYHDOVRIDLOHG
WREHZLGHO\DSSOLHG,QWKLVSDSHUZHWU\WRKHOSFORVHWKLVJDSE\SURSRVLQJD&)PHWKRGWR
DFKLHYHWKDWJRDOZKLFKZHVKRZWREHUREXVWOHVVVHQVLWLYHWRWKHDVVXPSWLRQVDERXWWKH
GDWDJHQHUDWLRQSURFHVVHIIHFWLYHLQ WKHFRUUHFWLRQRIHQGRJHQHLW\DQGHDV\ WR LPSOHPHQW
ZLWK VWDQGDUG VRIWZDUH :H WKLQN WKDW WKLV PHWKRG PD\ EH DQ LPSRUWDQW VWHS WRZDUG
WUDQVIRUPLQJWKLVFULWLFDOFRUUHFWLRQIRUHQGRJHQHLW\LQWRDPDLQVWUHDPPHWKRGDQGOHDGWR
ZLGHUXVHRI63RII53VXUYH\V

$&.12:/('*(0(176
 ? ?'ƵĞǀĂƌĂĂŶĚ^ ?,ĞƐƐ
 ? ?

$QJHOR *XHYDUD ZDV IXQGHG LQ SDUW E\ &21,&<7 )21'(&<7  DQG E\ WKH
&RPSOH[ (QJLQHHULQJ 6\VWHPV ,QVWLWXWH &21,&<73,$ )% 6WHSKDQH +HVV ZDV
VXSSRUWHG E\ WKH (XURSHDQ 5HVHDUFK &RXQFLO WKURXJK WKH FRQVROLGDWRU JUDQW 
'(&,6,2163UHOLPLQDU\ZRUN IRU WKLV UHVHDUFKZDVSUHVHQWHGDW WKHWK7UDQVSRUWDWLRQ
5HVHDUFK%RDUG$QQXDO0HHWLQJ:DVKLQJWRQ'&86$$OO0RQWH&DUORH[SHULPHQWVZHUH
JHQHUDWHGHVWLPDWHGDQGDQDO\VHGXVLQJWKHRSHQVRXUFHVRIWZDUH55'HYHORSPHQW&RUH
7HDP:HZRXOGOLNHWRWKDQN.HQQHWK7UDLQIRUSURYLGLQJXVWKHGDWDXVHGLQ6HFWLRQ
DQGIRUKLVYDOXDEOHLQVLJKWVRQWKLVUHVHDUFK

5()(5(1&(6

$OOHQE\*$URUD1DQG*LQWHU-,QFRUSRUDWLQJ3ULRU.QRZOHGJHLQWRWKH$QDO\VLV
RI&RQMRLQW6WXGLHV-RXUQDORI0DUNHWLQJ5HVHDUFK3XEOLVKHGE\
$PHULFDQ0DUNHWLQJ$VVRFLDWLRQ
%HQ$NLYD0%UDGOH\00RULNDZD7%HQMDPLQ-1RYDN72SSHZDO+	5DR
9&RPELQLQJUHYHDOHGDQGVWDWHGSUHIHUHQFHVGDWD0DUNHWLQJ/HWWHUV

%UDGOH\0$	'DO\$-(VWLPDWLRQRIORJLWFKRLFHPRGHOVXVLQJPL[HGVWDWHG
SUHIHUHQFHDQGUHYHDOHGSUHIHUHQFHLQIRUPDWLRQ8QGHUVWDQGLQJWUDYHOEHKDYLRXULQ
DQHUDRIFKDQJH
*XHYDUD & $ 	 %HQ$NLYD 0 (  &KDQJH RI VFDOH DQG IRUHFDVWLQJ ZLWK WKH
FRQWUROIXQFWLRQPHWKRGLQORJLWPRGHOV7UDQVSRUWDWLRQ6FLHQFH
*XHYDUD & 	 %HQ$NLYD 0  (QGRJHQHLW\ LQ UHVLGHQWLDO ORFDWLRQ FKRLFH
PRGHOV7UDQVSRUWDWLRQ 5HVHDUFK 5HFRUG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